ANTI CANCER BI ANGELOYL SAPONINS 5 This application clains benefit of

U S. Serial No. 10/906, 303, filed February 14, 2005,
Continuation-In-Part application of International Application No.

PCT/ US4/ 43465, filed Decenber 23, 2004, which is a
Continuation-In-Part application of Int'l App'l No. PCT/USO4/ 33359,
filed October 8, 2004, which clains benefit of U S. Serial Nos.

60/ 532, 101, filed Decenber 23, 2003, and 60/509, 851, filed October 9,
2003; and which 10 clains benefit of U S. Serial Nos. 60/617, 379,
filed Cctober 8, 2004, 60/613, 811, flled Septenber 27, 2004, and

60/ 607, 858, filed Septegﬁeﬁ L . hese precedi ng
appllcatlons are hereby WJmvle ' ; < ettes by reference
into this application. 15 Throughout this appllcatlon vari ous

ubl | catj ons re ref erenced. _Discl osures of these ications in
o R (8 e eﬁN&y%?@%@{gé‘?%Fisﬁ%M 2005,
appl i cat;bﬁnmata@mqmmerrt hBpllRkien fowmt)érr%ﬁ@ﬁu ﬂﬁpﬁ&&%oﬁn\ﬁi qa@ﬁumwézisst Bled

which this invention pertains.
i nvent i BRcerabear &3, t 200 t whieh sisf aoﬁpat:rpnaiwn le-aﬁ’arecapmﬁ@ttmmﬁdntir App’l No.

Xant h r e C t
Fam hocecn,opeabiel s, BTy Le°0RA, LUACLLNE ol TIR0SaBlg e
obt ai naB0/632y16m fadtDereeartas 2802003 cdrich6@BHA9 BBanﬁiled Odt@imrtQJQOOS and which

ol e oS8 RERGINST 153 SREof Nos! 50173 12, Ut PEACOoh Am00e. SmAgd: fisd

sor bi f obegteRibRER7, YE0IUaRNY60/607 448 QI TBRPteRbdIES e.zomrf&he%ﬁérﬁs 3f these
\\enguannguo, V\énguannu V\énguanhua Xi | acedeng, Gol denhorn and

Yel | owhpriesedingeanplisainns are harsn ingerperatast Wgthelriantiretiasdnerefershan detaghis
Ji angsug m%ﬁﬁ&m Shanxi, 30 Shaanxi, Gansu, N ngxia and |Inner
angolla Ina. Its seeds, |eaves and flomers are 1 edible and have
been used as a folk or traiditional nedicine to treat enuresis for

s Jbranches and woods used
Crat i Eiqnohaa b aPsRaRon, YR . SicBlS, AiF Felfrestietn ssiiskgsghinese
or reI emeicatiorts bf thelenfifetizedre iH¥Y€lh} ineBrporated by reference into this application

in order to more fully describe the state of the art to which this invention pertains.

FIELD OF THE INVENTION

20 This invention relates to extracts from a plant called Wenguanguo or Xanthoceras
sorbifolia, their uses and functions, and methods of their preparation. This invention
further relates to novel compounds obtainable from Xanthoceras sorbifolia and plants

from the sapindaceae family.

25 BACKGROUND OF THE INVENTION
Wenguanguo is a species of the sapindaceae family. lts scientific name is Xanthoceras
sorbifolia Bunge. Wenguanguo is the common Chinese name. Others are
Wenguannguo, Wenguanmu, Wenguanhua, Xilacedeng, Goldenhorn and Yellowhorn.
Wenguanguo is grown in Liaoning, Jilin, Hebei, Shandong, Jiangsu, Henan, Shanxi,

30  Shaanxi, Gansu, Ningxia and Inner Mongolia, China. Its seeds, leaves and flowers are



pl ease refer to page 1, lines 25-38, to page |3 of International PCT
Application No. 5 PCT/USO4/ 33359, filed Cctober 8, 2004, and U. S
Serial No. 10/906, 303, filed February 14, 2005. The contents of

t hese preceding applications are hereby incorporated in their
entireties by reference into this application. Yingjie Chen, Tadahiro
Takeda and Yuki o Qgi hara reported in Chem Pharm Bull 10

33(4) 138ibtcl 3Rd( %)oe@ﬁsﬁéécp%g § f§Fk“9V t%'ﬂdiﬂé}?al Cfﬁ@él&in'é“ﬁmcregf engrems for

Xant hocer as SOI’% folia unge Section V. aponl ns fromt
Fr ui t s cemtupasi Iftﬁ)bmbesanmwmdmara:@ba usew assapolniardragitianal seedicieel For

these. Sione et IRk B AR b7 U0 oG BeC e vl
of thes@asea&t&ru@dﬁa@ée el[ibés 25-38, to g?gew of Irgemaérgnalr PE(ISAF;_)Iéc_ailon/I;I?
SRR e e, BRSNS By NE SRS ik by

22 Oaqatmboélr@&&téntalof@@éq%ewm a/pénéaﬂ‘o%@cwah@wlhcoﬁéopaté&rpthe.r

glucopyranosyl- (1-.2)- l'ucur onopyr anosyl ] protoaecigenin 2

28- O a@@hrﬁtleﬁmy@fezar@eaaf@ttm&@ptu:&tng’el oyl ) -/3-D-fucopyr anosyl - 3- o (/13
-D gl ucopyranosyl-(1-*2)- fl-D gl ucuronopyranosyl] protoaecigenin
28-0O acetyl -21-0(3,4-di -0 angel oyl ) -fl-D-fucopyranosyl -3-0-[8-D

gl ucopYirgfies@hen,( Tadatd)o TTaké)al@Iamhh’uhtmpy')mayay’ebope@tma@hérgerﬁharmZEBull

7oy 1 BSAEREFankiTPRD SRR ol hiced g PRAVASHELY, RabPeRS R sprofolia
Phar m BBHYE. S88(SHcliBA 7. 1948k Brbnfl @R Ff@@%ﬁké‘ﬂh@&r@@ ddeifolia. Four new

constituent of Xanthoceras sorbifolia Bunge. See Section IV.
St r uct SARANIBY WeRe ialated Tromd g yEnioh XanHocgrassepbiielin Runge-ohaetrugiires

partiaky ﬁ%é%%a?%ﬁfn% b durikbhik é@a&%ﬂH&. lg,f BXEUMPBETRE HRIAEAINdAe W hifese

exan ned ar acterize
16- O acemnpbuds @ef 3, 4- di - O- angel oyl -/ 3- D- f ucopyr anosyl )
pro oaeci genin
acetyl-21-0 (3, 4-di - O angel oyl -/ 3- D- f ucopyr anosyl )
pr ot oaeci gepkD-3eetyl-21-0-(4-0O-acetyl-3-O-angeloyl)-g-D-fucopyranosyl-3-O-[5-D-

glucopyranosyl-(1—2)--D-glucuronopyranosyl] protoaecigenin
22-QO-acetyl-21-0-(3,4-di-O-angeloyl)  -g-D-fucopyranosyl -3-O-[3-D-
glucopyranosyl- {1—2)- 8-D-glucuronopyranosyl] protoaecigenin

20 28-0-acetyl-21-0-(4-0O-acetyl-3-0-angeloyl)-#-D-fucopyranosyl-3-O-[8-D-
glucopyranosyl-(1—2)- 8-D-glucuronopyranosyl] protoaecigenin
28-0O-acetyl-21-0-(3,4-di-O-angeloyl)  -B-D-fucopyranosyl  -3-O-[8-D-

glucopyranosyl- (1-+2)- 8-D-glucuronopyranosyl] protoaecigenin.
25  The functions of these compounds were not previously disclosed.

Yingjie Chen, Tadahiro Takeda and Yukio Ogihara reported in Chem. Pharm. Bull
33(3)1043-1048(1985) described studies on the constituent of Xanthoceras sorbifolia
Bunge. See Section IV. Structures of the Miner Prosapogenin. The prosapogenins from
30 the partial hydrolyzate of fruit saponin of Xanthoceras sorbifolia were examined, and are

characterized as:



O/3-Dg | ucu ro nopyran oside. 5 The functions of these conpounds
were not previously disclosed. Yingjie Chen, Tadahiro Takeda and
Yuki o Ogi hara. Chem Pharm Bull 33(1)127- 134(1985) descri bed
studies on the constituent of Xanthoceras sorbifolia Bunge. See 10
Section Ill. Mnor Prosapogenins aponins fromthe Fruits of

Xant hoceras sorbifolia Bunge. The structure of 3 mnor prosapogenins,
obt ai ned by acid hydrolysis of the crude saponin faction, were
characterized as:

21-0-( 3, 4- d|16@Daa@e3dell-()) B%liﬁ)m@ﬁr@}ﬁ@#md@mgﬁIp@cbtoBed@enm

21-0- (4- Oa /3-Df ranos Ith pogenol
21-0-(4-0-a érao\?tgzj ‘gélﬁ% Ofafﬁe’fqyggﬁw nosy) @rotge gigenin 3
prot oaesci gemipm-glitRird Arsgof these corrpounds were not previously
di sclosed. 20 Yingjie en, Tadahiro Takeda and Yukio Ogi hara in

Chem Pharm Bull 33(4)1387- 1394(1985) described a study on the

const! tHEunefon RS EARRSHAY Bt foitBdBusiPBfoaREtI on 11 . M of

Sapogeno prosapogeni n OoCeras sorbifolia.
I'n addition to above studies, saponins with angeloyl groups attached

wereal rte in.the faollow pg regorts.. Laur cequ

Cecil e B%%Sg}? %0%21 rf)nga'g%ﬂf’a@ﬁ’d Wé'gge %u@e”?\/a%arm é'f(??*;ez?-
Li t audors4{T985) efqeenbed saapsibAshansbnAtileat of XahfRIBREEEOMTold Blhge. See
Har pul | i a austro- cal edonica.” Phytochem stry 59 (2002) 825-832. 30 3

zhdRg REHgN lle dAnpF d’ﬁ@%@&own%ﬁaomnﬁrﬁr@nm Eadtsagk Hanghoograr satbifolia
Dunont @fynMaiTheVaitudilre ;5\&"? g&@gbg?@gga&ﬁégneaﬁgf C@r ddro yls%g)f the

Triterpennoi d Saponi ns from
62, 87@%sa@mmo&werQMamnm ger, Jennine Hoch, KimM
Nedder mann, |sia Bursuker, Steven
21-0-(3,4-di-O-angeloyl)-#-D-fucopyranosyltheasapogenol B
15 21-0-(4-O-acetyl-3-O-angeloyl)-£-D-fucopyranosyltheasapogeno! B
21-0-(4-0O-acetyl-3-0-angeloyl)-g-D-fucopyranosyl-22-O-

acetylprotoaescigenin.

The functions of these compounds were not previously disclosed.
20
Yingjie Chen, Tadahiro Takeda and Yukio Ogihara in Chem. Pharm. Bull 33(4)1387-
1394(1985) described a study on the constituent of Xanthoceras sorbifolia Bunge. See
Section |l. Major Sapogenol and prosapogenin from the Fruits of Xanthoceras sorbifolia.
In addition to above studies, saponins with angeloyl groups attached were also reported
25 in the following reports.

Laurence Voutquenne, Cecile Kokougan. Catherine Lavaud, Isabelle Pouny, Marc
Litaudon."Triterpenoid saponins and Acylated prosapogenins from Harpullia austro-
caledonica.” Phytochemistry 59 (2002) 825-832.

30



W Manber and David G Kingston. "A new Triterpene Saponin from
Pittosporum viridiflorumfromthe Madagascar Rainforest ". J. Nat.
Prod. 2002, 65, 65-68. Xi u-Wi Yang, Jing Zhao, Xue-Hui Lui, Chao- Mi
Ma, Masao Hattori, and Li He Zhang 10 "Anti-H V-1 Protease
Triterpenoid Saponins fromthe Seeds of Aesculus chinensis.” J. Nat.
Prod. (1999), 62, 1510-1513. Yi Lu, Tatsuya Ureda, Aki hito Yagi,

K aikil T
it er o ety JRARFaho bR, el Tert e HShne R AL TRitp, i
si nensiManvdri, TAssgniSeagnét, I%imxdtmnycm STy ToilrH 2008 Mrmvﬂﬁfroﬁamdlaaa

ers,  Te n Arnold J. Viletinck, Luc A C.
é:oet er & f?or?\lem‘) ﬁ%’ ’lfjoéda%q%@?ga@ﬁzaponi ns from :\/aes:a -

| aceceol at a. Phyt ochem stry 52 (1999) 1121-1131. 20 Illaria

D Acquarica, Maria Cristina, DG ovanni, Francesco Gasparrini,

Don@ni é’@umﬁqq, Johm%ﬁraemdennmpd@cm%@Mrl\éeclr@gmaﬁa, IsEeBunggker, Steven
Guar ni @i pm %fa I

"I sol a'?l(/on an ?%c[?%ﬁgr% l@ on Or?w]z 0"\4&&& g@vgt%dce@?efﬁoo fuﬁb@porum
est er sajdiflongmffroomitfe Matlsgagcar I%lrﬁotast)&pd)rmatt &bad. QOAETGS gbe68.ahedr on
58 (2002) 10127- 25 10136. Cancer cells are defined by two heritable
properties: (1) they reproduce in defiance of normal restraints on

cel | dm-W@n(ar@ndlr\QZZhéd"l%e‘-}Huﬁﬂﬁ EReoMMbiana ZMakas Haterii asd mOF{@Iﬁahg
reserved for other cells. Cancers requi re nmutati ons of one

manhy geekHiy! .'toée%&ﬂénﬂsm%ﬁtd Sgrenipr&pathe Sepds of Apﬁwi%e@ﬂenﬁ@ 't &

the ti ?;@gqsl@,ed 1200), d2¥/RE1H1@qsWhi ch they arise. Cancers arising from
epi t hel 1 al cel S are nanmed carci nomas; those arising fromconnective

tissue or nuscle cells are naned sarcomas. In addition, there are

cancer i oAl Sy omeln: A oad SR, $3Rak, ofhED #gg%b&h&rﬁ' b

Cancers can op 79
Ganguly, Secion Sarma. “Triterpenoid Saponins from the roots of the fea plant

15 (Camellia sinensis var. Assamica).” Phytochchemistry 53 (2000) 941-946.

Sandra Apers, Tess E. De Bruyne, Magda Claeys, Arnold J. Viletinck, Luc A.C. Pieters.
‘New acylated triterpenoid saponins from Maesa laceceolata.” Phytochemisiry 52
(1999) 1121-1131.
20
llaria D’Acquarica, Maria Cristina, Di Giovanni, Francesco Gasparrini, Domenico Misiti,
Claudio D’ Arrigo, Nicolina Fagnano, Decimo Guarnieri, Giovanni lacono, Giuseppe
Bifulco and Raffaele Riccio. “Isolation and structure elucidation of four new triterpenoid
estersaponins from fruits of the Pittosporumtobira AIT.” Tetrahedren 58 (2002) 10127-
25 10136.

Cancer cells are defined by two heritable properties: (1) they reproduce in defiance of
normal restraints on cell division; and (2) they invade and colonize territories normally
reserved for other cells.

30



Cancers originating fromdifferent types of cells are, in general
very different diseases. FEach cancer has characteristics that
reflect its origin. Even when a cancer has 10 netastasi zed and
proliferated out of control, its origins can be traced back to a
single, primary tunor. Therefore, it is inportant to devel op drugs or
conpounds capable of targeting various types of cancer cells.

Ovari an r cause of can

Che. | cagrngre Tebding, v, BF RhPRa D H FineS Rt raf ol 3R inReare
Uni t ed Shsdifts) auﬁcﬁjrdingStoftaEEt;saué ahd tal &pB%rorerwhicto tHeyohrigd)-Gdhoapsrarising
lifel o changce veI opi ng ovarijan cancer. O der_ wonen are at

hi ghest oM sgPIt Ch%% lecellfarer BEFTSG CATRIONAS: HEOSG GRFBYalrPBnCRIfSEYe diseus or

in  wongDsQet MRS NareSnAREd ihrySaLs. Rf aé&ﬁonaﬂﬂerélpa%%nﬁghekéﬂléﬂ"'%ukemﬁas
gquarter of ovarian cancer deaths occur in wonen between 35 an

yeards cwhlabeare St vae diarm demepaidicEreily c Capeeisacamalso atdvalopc tiameselist of the
htt p: // gov/ medl i nepl us/ ency/articl e/ 000889. htm Ovari an
cancer iS d" %}roportl onately deadly for a nunber of reasons. First,
synptons are vague and non-specific, so wonen and their physi ci ans
frequen{e attribute n condi tions

the can %'”%Oawah%ir&m BBl e e R iR Mo By HiaeeRb dlssases.

ovari essadN SancéV dbkabh&abesfcs st F@Iécgn@ﬂongm I|§vérh%hér{ %%%H&éry has
impl ant on the uterus, bladder, bowel, and |ining of e bowel wal

(oriéht unplastasized and profiferaiedhaii of Gosirel. g eréaing Qﬁ@begraﬁﬂdh@%@oﬁl éin9|9
cancer ﬁﬁn g rrﬁ:g‘sﬁﬂg e‘?&‘e %ef\sof?@:ortalﬁ?qgl&%ﬁ@ﬁeﬁﬁﬁan&g%&‘ggbﬂ S ca?a%? of

screening t ovariah canc exi s percen
wonen viatgetiog apiians tgeser caneerdiellgnosed in the advanced stages of the
di sease. 5 This invention provides conpounds or conpositions
extracted from Xant hoceras sorbifolia or plants fromthe sapi ndaceae

fam |y, Oiriady 4h®s | ig &fe VHih qba&la%@aﬁub%faﬁnoalr deRfi eNQonAdRiaAgtthe leading
ovarian cancer. 5 SUVMARY OF THE | NVENTI ON

15  cause of death from gynecologic malignancies. In the United States, females have a 1.4

to 2.5%, or 1 out of 40-60 women, lifelong chance of developing ovarian cancer. Older

women are at highest risk. More than half of the deaths from ovarian cancer occur in

women between 55 and 74 years of age, and approximately one quarter of ovarian

cancer deaths occur in women between 35 and 54 years of age. See MedlinePlus

20  Encyclopedia on ovarian cancer at

http://www.nlm.nih.gov/medlineplus/ency/article/000889.htm.

Ovarian cancer is disproportionately deadly for a number of reasons. First, symptoms
are vague and non-specific, so women and their physicians frequently attribute them to
25 more common conditions. By the time the cancer is diagnosed, the tumor has often
spread beyond the ovaries. Also, ovarian cancers shed malignant cells that frequently
implant on the uterus, bladder, bowel, and lining of the bowel wall (omentum). These
cells can begin forming new tumor growths before cancer is even suspected. Second,
because no cost-effective screening test for ovarian cancer exists, more than 50
30  percent of women with ovarian cancer are diagnosed in the advanced stages of the

disease.



In accordance with these and ot her objects of the invention, a brief
summary of the present invention is presented. Sone sinplifications
and om ssion nmay be nade in the followng summary, which is intended
to highlight and introduce sonme aspects of the 10 present invention,
but not to limt its scope. Detail ed descriptions of a preferred
exenpl ary enbodi nent adequate to allow those of ordinary skill in the
art to nmake and use the invention concepts will followin |ater
sections. The invention provides six novel conpounds of structure

(Y1, YZhisYioventidn Nvidds, c¥ipbundd @s c@hﬁ)&%;tloﬁsFem&ed fréwm U@@thoceras

?:errg'cnﬁo;biféhq@r ?Eﬂft)ﬁ 1r‘r5f§1€{brfesdﬁézr§ia%%a;%.;ﬂf'yfqr. Sithesisee ‘@1036‘61’%‘%2@%%@
%—I 1%%&%,10\!‘@%3@@ g»vgnagta%cgre 27 gc OOC—I) 004 5 24 23 H3, 2,
5 :
SUMMARY OF THE INVENTION
in accordance with these and other objects of the invention, a brief summary of the
present invention is presented. Some simplifications and omission may be made in the
following summary, which is intended to highlight and introduce some aspects of the
10 present invention, but not to limit its scope. Detailed descriptions of a preferred
exemplary embodiment adeqguate to allow those of ordinary skill in the art to make and

use the invention concepts will follow in later sections.

The invention provides six novel compounds of structure (Y1, Y2, Y or Y3, Y8, Y9, Y10)

15  as shown in Figure 1. As used herein, “Y” is also referred to as “Y3".
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"/I/OH OOCOONOH'-O HO OH OHHOO OHO OH OH The formula,
chem cal nanme and common nanme of these conpounds are presented in 5
Table 1 below. 9 Table 1. Formnula, Chem cal Nane and Comon Nane Six
Novel Compounds of structure (Y, Y1, Y2, Y8, Y9, Y10) Nanes Fornul a
Chem cal Name Y (Y3) C57H85Q023

3-0O[(3-D gal act opyranosyl (1->2)] - a- L- ar abi nof ur anosyl (1->3) - (3-D

gl ucur onopyr anosyl - 21, 22- G- di angel oyl - 313, 15a, 18a, 2113, 22a, 28-
hexahyd roxyol ean-12-ene, Y1 C65H 0027

3-0O[(3-Dgal act opyranosyl (1-*2)]-a-L-arabi nofura
gl ucur onopyr anosyl - 21- O ( 3, 4-di angel oyl ) -a-L-rha
acetyl - 313, 16aY_g(3, 22a, 28-pent ahydrox
3-0-[13-D gl ucopyranosyl -(1-*2)]-a-L-arab
gl ucur onopyr anosyl - 21, 22- O di angel oyl - §) M-3HH22a, | 24/ 3,
28- hept ahydr oxyol ean-1 2-ene Y8 CHZHB88( A

(1->2)] - a-arabi nof uranosyl (1->3)-

onbpyan syl'- 21,

22- O-di angel oyl -3/ 3, 16a /3, . 3 Jt ahyd r oxyol ean- 12-ene Y9
C63H98026 3-0-[A3-gal @t& nosyl (- >2)Y- a- akabi noCer@ng
(1->3)-/3- 51 O : \=<
HO Q
OH OH cC—0 OH
HO O \:<
OH 0
OH
OH
Y-10
0 COOH )

O
HO OH
OH
HO 0
OHL 4
OH
OH

The formula, chemical name and common name of these compounds are presented in
5 Table 1 below.



gl ucur onopyr anosyl - 21- O ( 3, 4- di angel oyl ) - a- r hamrmopyr anosyl - 3/ 3, 16a,
21/ ? 22a, 28- pent ahydr oxyol ean- 12-ene Y10 C57HB8022

3-0-[(3-gal act opyranosyl (1->2)]-a-arabinofuranosyl (1->3)-/3-

gl ucur onopyr anosyl - 21, 22-0O-di angel oyl -3/3, 16a, 21/3, 22a, 28-

pent ahydr oxyol ean- 12-ene 5 The above six conpounds (Y, Y1, Y2, Y8, Y9
and Y10) have anti-cancer effect. These corrpouns inhibit the growth
concendapRL 8 @m AU ANGEE ] EPmmSR TAHY Sulnodel EBfuburds of
conceng s é&Y rfredrromthese active Cofpo )
Y1, Y28 lYé} e concensus sub-structure of these
conpou.ﬂs !s the-b#an el oy
Y, v2, | NamanaFemla ¢ Ha o‘ G IEEF'S‘?I are located at 21(3 and 22(X of the
triterpenes) bagkhane. SSQQBBM&op@ran%leﬁmz)if&—Lad}QmN&uraﬁb@l(aw}gﬂj oy
are located at C3 and C4 of the SUP ring. gure

Accordj ngly, |the bi angdicoianogyrangsyl-t.2¢- %”%&YI % ﬂ:%h‘pzﬁiﬂhd%W( 20y 128-
Y2, Y8, Y9 and Y10) a4eQafjatdiobi@Eh-iehgans-position in respect to

each other on a plandr structure See 5 Fiqure 7  Studies of the

struct i¥® an{Ceditre®irdrs-Pdb-Rraadarienypresylt hedbod raakineiuenontd—i3iat e
that [rhanges of the |f | )6 @ta& i _
triterpene do not affegl(r:l{lﬁpdngp?rcan PW@ 4 ?/gﬂ;%g O%éjsagincgﬁggﬁorf k2 O

Y1, Y2, Y8, Y9 and YJ@)cemasaamm 3‘2@tr 2$-nhm’fbhstdr@w0bﬁn-ﬂamr grovvth
See Fi e 2T~ angd € L,UII Uunu e

chr onp r ap) PR e B A AP L AR B PR neP g g D,

10, 11} 12 apd 13. l@lu'Ehmnopyrpmﬁyd,?NZIn@ ParigeldyRdl3, mgmvmw,nzfmgmm
11A, W th procedure ¢ ribed.in this lication. The purified
conpouhd Y shows pote?@g'efr%%m@ﬁ?t‘ 192/"?‘HDE§) 10 times higher than the
ori gi naY8 ext | gH0,£qB-0-[25tlgttobyratsyc onpar-Hay-dcaghbinefugnobih Fi gus®-4
14.

glucuronopyranosyl-21, 22-O-diangeloyl-338, 16a, 218, 22¢, 28-

pentahydroxyolean-12-ene

Y9 Ce3HesO2s | 3-O-[f-galactopyranosyl (1—2)]-e~arabinofuranosyl (1-3)--
glucuronopyranosyl-21-0-(3,4-diangeloyl)- a-rhamnopyranosyl-35, 16q«,
218, 22a, 28-pentahydroxyolean-12-ene

Y10 CsrHgsO22 | 3-O-[f-galactopyranosyl (1->2)]-earabinofuranosyl (1-3)-45
glucuronopyranosyi-21, 22-O-diangeloyl-38, 16a, 218, 22a, 28-

pentahydroxyolean-12-ene

5 The above six compounds (Y, Y1, Y2, Y8, Y& and Y10) have anti-cancer effect. These
compouns inhibit the growth of human ovarian and other cancer cells. See Figure 2, 3
and 4.

A concensus sub-structure is identified from these active compounds (Y, Y1, Y2, Y8, Y9
10 and Y10). The concensus sub-structure of these compounds is the biangeloyl groups

located on adjacent carbons.

For Y, Y2, Y8 and Y10, the biangeloyl are located at 213 and 22 of the ftriterpene

backbone. See Figure 5.
10



Compound Y has a high selectivity toward ovarian cancer. See Figure
15. 20 The purified compound Y1, Y2, Y8, Y9, and Y10 al so show
inhibitory activity toward human cancer cells with a higher potency
toward ovarian carcinoma. See Figure 3 and 4. The plant extract
cont ai ni ng conpound Ys shows inhibitory activity toward the foll ow ng
25 human cancer cells, i.e., eleven human cancer cell lines were
tested in this study, with a higher potency toward ovari an

carci noma. See conparison of activities anong these <cells in Figures
14, 15 padyfLenand, T['@é)bﬁngelbyl A8 |66R6d RE0S dhd &3 Frhe SIPSHHHY. Boel Sgure 6.
used to denote compound Y or Y3, Y1, Y2, Y8, Y9, Y10 or other
corrpour/ﬂ%c%‘#iﬂaﬁYnﬁtﬁ biangelom seRneR 6 dhese sefivs WWP%EJ@& Mactl, B Y& Yhiesd
inventip Jpér%véaﬂfé‘:?ecﬁm etd-pedion RERS B30 Qi & bMIGARANRITE. Seo
i nhi bitind cancer grow e cancer inc Ismnot irmt

ovary cligerr?7. bl adder cancer, prostate cancer, Ieukocytes cancer,

and bone cancer. 5 The conpounds can be isolated fromthe plant

call ed Xanthoceras sorbifolia or can be synthesized chemcally, or

ext r act Stdfgsonn wiehstrudiirel agd e@lctispUergisnsHipi & thBYe kit effuttims Befkate that
process of pr oduEhe:\ active conmpounds from husks, |eaves, branches

or sterfaNgRy 9 wiclingal pErs ah& iParrd @?ﬁ?feh%ﬁ@@ﬁ??@@odﬁnﬁptcaﬁﬁd
be 10 mhg&&%&,g@@r ately or be conbined. This invention further

di scl oses nmethods of their preparations. In addtion to saponin, the
extlilact Bhasencemnpogmadsc Kés ine§f 2, p¥&it ¥Bnand gf 49 cariedativef faviehibitim, of turmor

curmari r ol,d tra or cid extr

and ot 0% §8{;h 'sq%lr'li(? agp ﬁéa‘%‘l g'tﬁ%ESpSﬁ’%ﬁgﬁK@% ar?n%gtchg}[ye egﬁ%ds of
have beﬁmombmgra;byoxrwoB/B@EPLGMrm HOLY agclebyiitied mgBigosd 8canger 11, 12 and
growt h.,_The conpounds or conpositions of the present invention may

r egul at1e3 many cellular pathways including the receptors or

conponents of a cell such as Gprot ein receptor, 20 Fas protein,

receptor Tyrosine Kinases, M tog m togen receptor. The conpounds
15 The compound Y is purn‘"ed as shown in Figure 11A, with procedure described in this

application. The purified compound Y shows potence (IC50 =1.5 ug/ml) 10 times higher
than the original extract (IC50 = 25ug/ml) by comparing Figure 2 with Figure 14.
Compound Y has a high selectivity toward ovarian cancer. See Figure 15.

20 The purified compound Y1, Y2, Y8, Y9, and Y10 also show inhibitory activity toward
human cancer cells with a higher potency toward ovarian carcinoma. See Figure 3 and
4,

The plant extract containing compound Ys shows inhibitory activity toward the following
25 human cancer cells, i.e., eleven human cancer cell lines were tested in this study, with a
higher potency toward ovarian carcinoma. See comparison of activities among these
cells in Figures 14, 15 and 16 and Table 3.1. As used herein, Ys or compound Ys is
used to denote compound Y or Y3, Y1, Y2, Y8, Y9, Y10 or other compounds obtainable
from Xanthoceras sorbifolia extract.
30
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can be isolated fromthe plant called Xanthoceras sorbifolia or can
be synthesized chemcally, or extracted from other biol ogical
sources. This invention provides conpounds, including conpound of
structures Y, Y1, Y2, Y8, Y9 25 and Y10, obtainable from Xant hoceras
sorbifolia and capable of inhibiting cancer growth. In an

enbodi ment, the cancer includes, but is not limted to bl adder

" eukocyrUE Pkt PR Rles A S5t Br SR GEberms Rl FIGL g0l SR oG Genoer

cancer grewgh. FwarcancenineludeSbut2s Al I&nltét}/ﬁ:lﬁ\Ja@Vl cBhEBH Bl‘éad@r carivee Uitdsiate
ol eanene triterpenoidal saponin conprising a side chain at Carbon 21

and CarCBBﬁerZLe%f-’Cﬁﬁﬁ6%%6%8“%@?@% the side chain conprises
angel oyl groups. In an enbodi nent, the conpound conprises one or nore
sugars, wherein C3 and C4 of the sugar are acylated wi th angel oyl
gr ofips.The campoundiseran o igotated desn thet plantegiadtoXarthoserpe morbitobapunad be

b1 ange SOF 3»2%%&8@’5’%3"&?P%ﬁéﬁf’%bef@ﬁ%f@%%&%%{ﬁcﬁ[fﬁ%" Tritorpene

backbone, wherein the presence of the biangel oyl group produces

anticancer. actjvit O This i nventl .provides a triterpenoi daI
saponi Ef%!ﬁ)Wﬁ{SU‘i'RP e Ss§ RHOESErq trgpgwﬁg 355‘6%5%‘80%%5 OBl GUsKSmift ey

Of  SUOBfarfdl@sor YBAIC LRI IAR-SWAR! IRL AN Bhrks Usiahe ANBhGuandlicPbid ehR the
to the trlterEene backbone, wherein the sugar noiety or sugar chain

f ui®heempd swafalsbo@hg@pmhme}% diys ireAatiathBirisien disetosssesethieds of their
t he bi gp&% ? group produces anticancer activity. 15 This invention
provid |'} er penoi dal saponi n conpound conprising a triterpene
backbone, said triter pene backbone is acyl ated at either 21(3 or 22a

positiogn at, both .2 nd .22a positi nvmtha
P ooar Shandtic jecsastaira s eites sanBitsrefdendrdicy ShsParss ergis
chain @gfmémrs%&traagebmﬁlougre&tt@@tsabtvg?éﬁte@cweitmtmaﬁnm 84d offers. In this
position of said sugar.

15  application saponins were investigated and have been shown fo possess inhibitory

activity against cancer growth.

The compounds or compositions of the present invention may regulate many cellular
pathways including the receptors or components of a cell such as G-protein receptor,
20 Fas protein, receptor Tyrosine Kinases, Mitogen, mitogen receptor. The compounds
can be isolated from the plant called Xanthoceras sorbifolia or can be synthesized

chemically, or extracted from other biological sources.

This invention provides compounds, including compound of structures Y, Y1, Y2, Y8, Y9
25 and Y10, obtainable from Xanthoceras sorbifolia and capable of inhibiting cancer
growth. In an embodiment, the cancer includes, but is not limited to bladder cancer,
cervix cancer, prostate cancer, lung cancer, breast cancer, leukocytes cancer, colon

cancer, liver cancer, bone cancer, brain cancer, and ovary cancer.

30
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As used herein, noiety nmeans one of two or nore parts into which
sonet hing may be divided, such as the various parts of a nol ecul e.
25 In an enbodi nent, the biangel oyl groups are in the trans-position
on a planar structure, and the presence of the biangel oyl group
produces anticancer activity. This invention provides a salt of the
above-descri bed conpounds. 30 This invention provides a

h i i LSi ffecti t of the. .
Dbove. oot fifenoRoRRt deacd cRPRULH Mraietheile. HfiripeRelED sabpEn combrising a
carri er §id®.chbth BhiGarbow exit kot Qurbwh d&S ofl saikf Boshpbond,i aBbadin MBe side chain

compounds from Xant hoceras sorbifolia, conprising the steps of:
ext r act FHPPHI&GH Wﬂ?@?ﬁéﬂ‘%‘&%i o & PNinfRShCRARPaWN 6PMIPEHERS ORPSYARore

of an ong%aé,%Mbms aharcasr tﬂe%gafé@&m&o&thoindechewgi@P%bt ain an

extract, 5 identifying the bioactive conponents in’t act;
pur % yi Hgjst Reenicnerovdes snpdisanneidali saperin esemaetndvcomFBIrg to triterpene

obtain i f i ive co nent: and isolatin t he, pur
bi oact | FOBBE R Blanb v paREb. VR EARRRE Blangdtl rifed are b B2
conpounghd@pbngf hes tritdfiamechi@ibohbe WHeYeiNMRespaebhad dfaha bialRgdlsyii ¥etp
fromproton NVR, carbon NVR, 2D NVR of the Heteronuclear Miltiple
Quant unPredress atticeRceragde)ty. Het er onucl ear Mul tiple Bond Correl ation
(HVMBC), NCESY and COSY, and Mass spectral data derived from

MALDI - TOF and ESI-Ms. This invention provides the chem cal features
of @ cohpsunderstivth ptovidier avaitenpeacidhi chpdbinacempblied tdowepraay @striterpene

cancer. to C lexity of nature, the conpounds or cqQnpositions |
of the %%%5‘585%? aﬂﬁﬁﬁ%@%ﬁ?@éﬁ%%@%ﬂ%Mﬁ%ﬂdﬂarwa{mﬁa 9T RUGRE Phgn
but  nab dtfabhéd B tHNRitdrpEh® WaBISGnd, Rther SR &RE QUGaPMoFYRP REGAS IS Rurdier
G protein receptor, Fas rotein, receptor for Tyrosine Kinases,

. p .
ni t ogerfOMRyIsed Bobidngelevle Brasins . anpgwhssein- thanwaesgree, off dre tuangeleyd group

TG al du&dSs ﬁéé‘r‘%’t inase, jun-fos, Src-fyn, Jak 20 Jnk- STAT,
BWP, qu%},a Lrlryc-ace | pro |fle{'ati on, etc. The Xanthoceras Sorbifolia

derfibved conpound and/or conposition may regul ate the conponents and
E)Eg(ag} gﬁ*ﬁbﬂﬂ%@ﬂé%"i aE%StriIth%eﬁc%lcigl %%Séé‘mpég {)glgpld [c):%-lz;‘:'%ln]'s%% a ftriterpene
backbone, said triterpene backbone is acylated at either 21B or 22a position or at both
213 and 220, position with a sugar moiety or sugar chain, wherein at least one sugar in
the sugar moiety or sugar chain comprises angeloyl groups attached to the C3 and C4
20  position of said sugar.

As used herein, moiety means one of two or more parts into which something may be

divided, such as the various parts of a molecule.

25 In an embodiment, the biangeloyl groups are in the trans-position on a planar structure,

and the presence of the biangeloyl group produces anticancer activity.
This invention provides a salt of the above-described compounds.
30  This invention provides a pharmaceutical composition comprising an effective amount of

the above-described compounds and a pharmaceutically acceptable carrier(s).
13



25 Figure 1 shows the structures of six active anticancer saponins
I sol ated from Xanthoceras Sorbifolia extract. Figure 2 shows the
anticancer activity of purified Conpound Y. The experinent was
performed on ovarian cancer cells (OCAR-3) and the inhibition
activity was determned by MIT assay. For details, refer to
Experiment 3. Abscissa: Concentration (ug/m). 30 Odinate: % Cel
Gowh. The 1C50 is approximately 1- 1.5 ug/m . A Point scale. B:
Li near scale. 14 Figure 3 shows the inhibition of the purified

ConpoufTisYihvantbrCorguuissda \ﬁi’ethﬁd fevigvlating cantriundsiifosh Xahtwdaras-sguifelia
4 shows the anticancer CtIV Y10 wi th ovari an

cancer CEBINSINIHBEHAPHEH B %@gwesa’wa@%gp% POWERE ithear GREEISIgle

struct weey e Tdr \dofdaf® §QYENtaBE ianeafitb bRBCAho SRAPGHMAE to (0btainZan ERtract,
and Y10). Figure 6 shows the consensus structure derived fromtwo

act pve icantifinm & bioaphve aemporvantariel the pxtragtypurfyingsthevioactiyermanaponents

struct W gls Lok '\&gns ??Qs"@%&%@f‘é t@%?tz@g iy %@?ﬁv% %) MkSﬁerﬂf and Jsdififng

si x active conpoun consensus
act i ve thd pmet bioastivegioatmrieat Witk pbémmgiteohiPLGr oup attached to 21(3 and
22a of the triterpene backbone. (B) A consensus active functional
group is the biangel oyl group attached at C3 and C4 of a sugar ring

(or rhampopebntid pRAAdLCATRMpoURE Havitedt ambt@ét\/eweéwwmw Spedtl data
bi angel oyl group situated in trans-position on a planar structure. 15

Fi d8r e derivemdison heroderp NMR;: ofprben t N Reo%BoNMRsofoﬁh&xdﬂﬁtﬁwkﬂ;ar Multiple
bi f t
Zg[)elrl (rariedn tﬁmﬁrgﬁﬁlrele%}esﬁtgg I'n ’Easggwam@ﬁufgbgggﬁom %Eés %BC'

el ut i oNQESY iand GiDSXnandM@ﬁtspeﬁtra{adamdeevaisfremrMAf_B!-ﬂ'é)H and~BBEM&.t h
10-80% gradient. Odinate: Optical density (at 245nm . Absci ssa:
Fractions 20 (5nil/fraction).

This invention provides the chemical features of a compound and its derivatives which

15 are effective against cancer. Due to complexity of nature, the compounds or
compositions of the present invention regulate various cellular pathways including but
not limiting the followings: the receptors or compeonents such as G-protein receptor, Fas
protein, receptor for Tyrosine Kinases, mitogens, or mitogen receptors. TGF Beta-
smad, FGF, TGF-beta and TGF-alpha, ras-GTPase-MAP kinase, jun-fos, Src-fyn, Jak-

20 Jnk-STAT, BMP, Wnt, myc-cell proliferation, etc. The Xanthoceras Sorbifolia derived
compound and/or composition may regulate the components and receptors and re-

activates the cell death program.

DETAILED DESCRIPTION OF THE FIGURES
25 Figure 1 shows the structures of six active anticancer saponins isolated from
Xanthoceras Sorbifolia extract.
Figure 2 shows the anticancer activity of purified Compound Y. The experiment was
performed on ovarian cancer cells (OCAR-3) and the inhibition activity was determined
by MTT assay. For details, refer to Experiment 3. Abscissa: Concentration (ug/mi).
30 Ordinate: % Cell Growth. The IC50 is approximately 1- 1.5 ug/ml. A: Point scale. B:

Linear scale.
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Figure 10 shows the results of the screening of cell growh activity
of fractions obtained from FPLC chromatography. The assay was
conducted in bladder cells. The fractions obtained from FPLC as
shown in Figure 9 were used. As shown in this figure, different
conmponents of Xanthoceras sorbifolia extracts cause either growth or
inhibition effects 25 on cells. Chly fraction 5962 (Fraction Y)

causes b|t| ctlo 10...1 and

ot mut oure of Shame' BF bk, SE T Rorah Karfhlindb 17 {rmPe Y v2 on
O di natevariabocaatér édllevgrowfislet ermi ned by MIT assay). Figure 11 shows
HPLC profile of Fraction Y with 45% acetonitrile isocratic elution in
a prep@e deshers s anHeapesy sddivisyief 01898, Yshaed Yilewith oyaden capger cells

fracti ofsermihddby MAT a§€a ypand Y2 are well separated from each other
and they are subsequent y purified. A and B shows the purity of the

col ISectidguns Saﬁwmtr@ycmeesumwcwmenmrﬂmeDMr abfvéiagticance? sahomiss
t he sep(@'q,rzl 9@3?1 de of Y8-Y10 with 45% acetonitrile isocratic
elution 'in'a préiparaltlve Cl18 colum (Delta Pak C18). Figure 13 shows

t he HPLKGgprei slesvothepasndeneds ¥&ucii®e aledved roningd z@dvd 4nsdwer shponins
growt h rve ®1; ovarian cancer cells after treatnent with the 5
crude &t Xant hoceras sorbifolia as determned by the MIT

assay. Bh?e ?tél"ﬁ!ﬁévs erﬁému Redciubs fé:%ﬁlﬂ!aF tié!ﬂnﬁéﬁ %mtth@ OnbERGls fuctures of
Xant hoceras sorbifolia on cancer cel In hese experi ments, cancer

cell0 | ithessix r@ﬁﬂvglcwmle“r@n(‘r’hﬂﬁanﬂxr ﬁ&nsf%@ne ¥iAB). oyfadA caisienses qantive

h t an e re. the ns ve cer, cel
- csponding T il The Feashi arblF FBRhedSor ey 28 oec ifergne
Wer e I epickbenmd. e(B) A cbﬂs&hsgjsr&ﬁwé%n&ﬁonébgﬁmésia th& @m@etdyagm@ attached at
(ug/m)._ Odinat % Cel|l Growth (determ ned by assay Fi gure

15 shovis® BAd ChAbaAsUEBhBY (Yothemrps6l- e&%&a&ewt%{mﬁn ivgrptructure
cancer s galiafgioud oFUp/sikBlte S RNESs- 5@&4;&1 opégﬁéceﬁeeﬁﬁﬁecel Is are

nmuch nore senS|t|ve than the cervical canc | C50 for

COrilﬁourlﬁgqu B shessytheedaparatipnatfdhe conmpagients ahXeethosenasesorlgfdiai extract by
e also Fi 16D. Thi

Fesul ¢ R A HahdabeRaEriey PolPut BsipB.Al KeruEn! oee, e iat i
ovary @{pegment 2.
Figure 9 shows the elution profile of an extract of Xanthoceras sorbifolia in FPL.C with
10-80% gradient. Ordinate: Optical density (at 245nm). Abscissa: Fractions
20  (5mlffraction).
Figure 10 shows the results of the screening of cell growth activity of fractions obtained
from FPLC chromatography. The assay was conducted in bladder cells. The fractions
obtained from FPLC as shown in Figure 9 were used. As shown in this figure, different
components of Xanthoceras sorbifolia extracts cause either growth or inhibition effects
25 oncells. Only fraction 5962 (Fraction Y) causes cell inhibition. Fractions 610, 1116 and
1724 cause minor stimulation of cell growth. Abscissa: concentration (ug/ml). Ordinate:
% Cell Growth (determined by MTT assay).
Figure 11 shows HPLC profile of Fraction Y with 45% acetonitrile isocratic elution in a
preparative C18 column (Delta Pak C18). Under these conditions, fractions Y (Y3), Y1
30 and Y2 are well separated from each other and they are subsequently purified. A and B

shows the purity of the collected Y3 and Y2 by HPLC under same conditions.
15



Figures 16 A-D show the grow h curves of cancer cells derived from
different human organs as determ ned by MIT assay. After treatnent
with the extract of Xanthoceras Sorbifolia, growh curves of
different cell lines were presented and their sensitivities 20 (1C50
val ues) were determned. Sensitivity of cells toward extract can be
divided into 4 groups. (1) Mdst sensitive: ovary cells (presented I n

w 2 SFIAa iy I senRTAL e o SR R s RRao TS Rt dluion
pr ostatirea pbemsﬁvamsbbmnm ([pmtesk’:ameqla) n C) (4) Least sensitive:
ugi i Flavae e Hipcrt Carafienc! suthedb Ve i 4 VA): WIT assay)

Fi gur e Flqui8on® shbsSthe L&BMfFﬁc@Q@BWWaYaWc,talf'lcw%e]ié)éﬂe'rl feffnent with the
C57H55023 and the chemcal name of

3- B[ ( srwegextmtdﬁyxmbe@ﬂr@&ssm folia-as deteninetiubw s M T -as83y. (Brie-study
gl ucur %%Pe?%rl‘?ého gl:llsi%f?ltg%fdfhgofg?a%¥ loT %%ﬁ%c&}co%\?%s gsﬁﬁjlfoﬁ&(oﬁ cgr?cae'r cells. In

28- hexahydr oxyol € ure e sprec
pr ot on tidda @ipmﬂmn@n\éﬂr cBil dinee ﬁﬂn siiosvfezdnt WﬁdﬁWﬁsr\ﬂa@l émptmfyed

Conpo .Y.. 16 Figure 20 shows 2D N HVBC) results of. Co

o0 ie g, ShAWE iBL SBRhrenRebr NRu%rﬁ;e he' SRt Sermiiv) Coae  FRlignin
nass) : ré%:’ond%ﬂb')(‘ar(ﬂ%@%s SoAMBIIL SRSUMS &f othépcmemfcenemke aet;dr@ézemed in
Fi ?ure 22 shows the Mass spectrum of conmpound Y with ESI-MS. gure

Sholwgures 180rlhchbsadssse copegrdiation Yuglmh-h Greeates rmie! Gfowtee(rsletmmmed
andth %ai) nanme of 3-0-[(3-D gal
act opyr gnosy% 2)] - a- L-ar abi nof uranosyl (1-*3) - (3-D
gl ucur Figyrer Bhebyivs 2lie Co(Padisad &nﬁ@etezm:y)efaGQmpdxmmUplbla}twaeosyviafizﬁ-o@naer

chows PRI RRO LSRN HaleeBR G P B FOCCE reT0ugt Gisre SPhe DB fken e
2D NVRcéMCbanesuddlis. The (oD doMdoNbounfiNgU evag c%ﬂ@% abbét 2Bu while
(HMBC) results of Conpound Y1, Figure 27 shows COSY-NMR profile of
Cofpoutie ¥S0 in cervical ‘cancer cells is over 20 ug/ml. See also Figure 16D. This result
confirms that the activity of Compound Y is selective toward ovary cancer.
Figures 16 A-D show the growth curves of cancer cells derived from different human
organs as determined by MTT assay. After treatment with the extract of Xanthoceras
Sorbifolia, growth curves of different cell lines were presented and their sensitivities
20 (lC50 values) were determined. Sensitivity of cells toward extract can be divided into 4
groups. {1) Most sensitive: ovary cells (presented in Figure 14 and 15). (2): Sensitive:
bladder and bone (presented in A). (3) Semi-sensitive: leukocyte and liver (presented in
B); prostate, breast and brain (presented in C). (4) Least sensitive: colon, cervix and
lung (presented in D). Abscissa: concentration (ug/ml). Ordinate: % Cell Growth
25 (determined by MTT assay).
Figure 17 shows the structure Compound Y with the formula of Cs/HssO23 and the
chemical name of 3-O-[B-D-galactopyranosyl(1—2)l-a-L-arabinofuranosyl{1-+3)-8-D-
glucuronopyranosyl-21,22-O-diangeloyl-3B, 15«, 160, 213, 220, 28-hexahydroxyolean-
12-ene.
30  Figure 18 shows the sprectrum of proton NMR of Compound Y.

Figure 19 shows 2D NMR (HMQC) results of Compound Y.
16



Figure 28 shows the chemi cal structure and the chem cal nane of
Compound Y2. Figure 29 shows the proton NWR spectrum of Y2. 15
Figure 30 shows the 2D NWR spectrumof Y2 (HMX)-level-1. Figure 31
shows the C13 NMR spectra of compound Y2. Figure 32 shows the 2D NWMR
(HVMBC) - | evel -1 spectra of conpound Y2. Figure 33 shows the 2D NWR
HOHAHA (TOCSY) -l evel -1 spectrum of conpound Y2. Figure 34 shows the

Mass s [ X, + ndar 20 Figure 35 shows

t he Ch?ﬂ@%&#%%&g@?%fﬁ% @M@%ﬁﬁé%@?tes ﬁgoiﬂg‘%é“ YNIVR spectrum of Y8.

Fi gur e Bigusd@ishaRsNVR MAdIGpdcaual ofljorspaatd vimitf M)K&DI~TBH@W@“ ﬁ&SS): Y+
shows 2 H (level 2 pectrumof Y8,  Figure 39 shows the

chem caﬁawﬁ:@%& %QW@nS)Q'S?Fﬁ‘@JP@”ﬁW@F@W H NMR spect rum of Y9.

Fi gur e pikusdo9shais MEMAESHELRYRlof EbnibRert M9 ESYMs, Fi gure 42

shows 2D NVR HMQXC (| evel 22 spectrum of Y9

. Figure 43 shows the
cherd caffigare ddtshewsghe virocture g Compoustonk wiHh NvRfepuda ol et 10000 .angdhe

Shove. 20O R 18 a0 g loph s RO b sy Bing oS k-
cheni cadiulrbHEhERO 1td)@s,qttﬂaﬁagé}bylpan@rﬁﬁmr%ﬁm%ﬂb%ylaiz-o-ﬁbgtw@ﬁ,4§a,

shows the Proton-NWR spectrum of conpound Rl. Figure 49 shows 'the 2D
NVR ( HMIE) 22ped8pentablydoxypeand 2Rane. Fi gure 50 shows the 2D NMR

Spect 1 nBBre 2Bt R RBENTR e8RS BT TR spectrom of
comgourkigkite 25ispowe tHsS2BMINMR (HISQCh essuttalof Slomisdumdey nf Conpound 054.
Floure Boure 383nows e SHXMR RBES fesiind or Eompaund vr
Figure 27 shows COSY-NMR profile of Compound Y1.
Figure 28 shows the chemical structure and the chemical name of Compound Y2.
Figure 29 shows the proton NMR spectrum of Y2.
15  Figure 30 shows the 2D NMR spectrum of Y2 (HMQC)-level-1.
Figure 31 shows the C13 NMR spectra of compound Y2.
Figure 32 shows the 2D NMR (HMBC)-level-1 spectra of compound Y2.
Figure 33 shows the 2D NMR HOHAHA (TOCSY)-level-1 spectrum of compound Y2,
Figure 34 shows the Mass spectrum of compound Y2 +Matrix + Standards.
20  Figure 35 shows the chemical structure of Y8.
Figure 36 shows H-NMR spectrum of Y8.
Figure 37 shows 2D NMR HMQC (level 1) spectrum of Y8.
Figure 38 shows 2D NMR HMQC (level 2) spectrum of Y8.
Figure 39 shows the chemical structure of Y9.
25 Figure 40 shows H-NMR spectrum of Y9.
Figure 41 shows 2D NMR HMQC (level 1) spectrum of Y9.
Figure 42 shows 2D NMR HMQC (level 2) spectrum of Y9.
Figure 43 shows the chemical structure of Y10.
Figure 44 shows H-NMR spectrum of Y10.
30  Figure 45 shows 2D NMR HMQC (level 1) spectrum of Y10.
Figure 46 shows 2D NMR HMQC (level 2) spectrum of Y10.
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Figure 55 shows the 2D NVR (HMX) spectra of conpound 054. 10 Figure
56 shows the 2D NVR (HMBC) spectra of conmpound 054. Figure 57 shows
t he absorption spectrum of Xanthoceras sorbifolia extract. Abscissa:
Wavel ength in nm Odinate: Optical Density. The extract has three
absorption rmaxi mumat 207nm 278nm and 500nm Fi gure 58 shows the
proton NVR spectrum of Y4. 15 Figure 59 shows the 2D NWVR ( HMX)

spectr e i Q t
e ATle 4nsnShe o REASRoTHE gl RE Rl AR R iR
separ atFéguiey4d-Bhdws Bie Retd-biiR egectrarbf tompoandR 1. corrponent under
sane c dt as desc re 61, Fracti tion of

Fract i I %ﬁ]ﬁ %e\/él# M@H@Qbﬁhmﬁoﬁ %EP%chﬁzi ution

(iso- Z(P-')i u@wm\@@thmmﬁw cBlrmPe&onmgb @R {.f rom i so- 20)-
Figure 6 Rechr omat ogr ag of 05 fromiso-20). DETAILED

DESERI Figwne ZFshows i (69ShispertvamiicompouddiRies a conpound
oo P dr? RSYSTR Biv Spam Gl ool . 1 1 o 0 e
t her eofFigudmer 53 ahovF&theeﬂ‘meaitstruahgebﬁ(ﬁbngmmmn o2 r epr esents
Zggel O¥-J|gt§’ Oé'tPéhows{ epFEro? nf\lﬁ/IFg;pgcgtra of compo nrdeégnt S or GH2CH
Figure 55 shows the 2D NMR (HMQC) spectra of compound 054,
10  Figure 56 shows the 2D NMR (HMBC) spectra of compound O54.
Figure 57 shows the absorption spectrum of Xanthoceras sorbifolia extract. Abscissa:
Wavelength in nm. Ordinate: Optical Density. The exiract has three absorption
maximum at 207nm, 278nm and 500nm.
Figure 58 shows the proton NMR spectrum of Y4,
15  Figure 59 shows the 2D NMR (HMQC) spectrum of Y4.

Figure 60 shows purification of component-R with HPLC. A: Extract from fraction #10 of

FPLC (is0-30) was further separated by HPLC. B: Rechromatogram of the major

component under same condition as described in A.

Figure 61. Fracticnation of Fraction-O with HPLC with 20% acetonitrile isocratic elution
20 (iso-20).

Figure 62. Rechromatography of 028 and 034 (from iso-20).

Figure 63. Rechromatography of 054 (from iso-20).

DETAILED DESCRIPTION OF THE INVENTION

25  This invention provides a compound selected from a compound of formula (1):

R5 (1)
18



R5 represents D-glucose or D-Galactose. 5 This invention provides a
conpound sel ected froma conpound of fornmula (2): O ."JOR3 OH "/OH
OCOONOORL O CHB HOOHOT-TOHO OH HO o RR OHOHCOH (2) or a
salt, ester or derivative thereof, wherein: Rl represents angel oyl
group; R2 representsangel oyl group; and R3 represents Ac or H 10
This invention provides a conpound sel ected froma conpound of

formul a ( . sal t ,~ester
o dor S 1k SFIeL L 9P, B whRrdaT R L s Sing BhedlovGrdls! Re2

r epr eseepeesantyehraydioy lgfmm RBrepespepseOt-sorGH R4 réfireBdnts €M ®eeCHR OBH3Nd
or CHZ% rgpr}gsen]{sg D-glucose or D-Galactose.

5  This invention provides a compound selected from a compound of formula (2):

or a salt, ester or derivative thereof, wherein: R1 represents angeloyl group; R2

representsangeloyl group; and R3 represents Ac or H.

10 This invention provides a compound selected from a compound of formula (3):

R5

R4

(3)
or a salt, ester or derivative thereof, wherein: R1 represents angeloyl group; R2

represents angeloyl group; R3 represents OH or H; R4 represents CH3 or CH20H; and
19



R5 represents sugar noiety or sugar chain selected fromthe group
consisting of: D glucose, D-gal actose, L-rhamose, L-arabinose,

D xyl ose, alduronic acid, D-glucuronic acid and D gal acturonic acid.
5 This invention provides a conpound sel ected froma conmpound of
formula (4): O R3 OHSI-4 "/OH R5 R4 (4) or a salt, ester or
derivative t hereof, off J10 oHR2 o R2 R1 R1 wherein: Sl= R2 ;

; L
angel oy S'regr_!sse% {’gaégﬁég&]qr s%ﬁf%lfé]hs%%%?%#érg%bg S%thﬁﬁ and
R5 r eprg&smeesDegmomlLammssulgarammsm Dselless, ea]k:llﬁrbnimetdtﬂ D-gluautonic
consi stin ’%{ X I ucose g} gal act ose, L-rhammose, L-arabi nose,
D- xyl o$&1dang Bt troRiG 26id-p gl ucur oni ¢ aC| d and D-gal acturonic acid.
I'n an enbodi ment, the angel oyl groups are in the trans-position on a
pl anar structure. 15 This invention provides a conpound conprising
t heSf olThismnmegntinry prevides @ cosapound saledied pnpa comgpepnd of formula (4):

or a salt, ester or derivative thereof,

OH—o M o o RL—o

R1 R2 R1

R2
wherein: S1= R2 182 = R1:83= OH :g4= R2 OH .

R1 represent angeloyl group; R2 represent angeloyl group; R3 represents Ac or H; R4
10  represents H or OH; and R5 represents sugar moiety or sugar chain selected from the
group consisting of: D-glucose, D-galactose, L-rhamnose, L-arabinose, D-xylose,

alduronic acid, D-glucuronic acid and D-galacturonic acid.

In an embodiment, the angeloyl groups are in the frans-position on a planar structure.
15

This invention provides a compound comprising the following structure:
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OH This invention provides a conposition for inhibiting tunor cel
growt h, conprising the above-described conmpounds. In an enbodi nent,
the conposition conprises a suitable 5 carrier. |In another

enbodi ment, the conposition conprises a pharmaceutically suitable
carrier. This invention provides a nethod for treating ovarian cancer
in a subject, conprising admnistering to said subject an effective
anount of bhe above-descri bed conpositions. 10 A nethod for

i sol ati ds from Xant hoceras sorbifolia herb or plants from
the sapin mly conprising the steps of: (a) extracting

Xant hoceras &qrbgfolia or plant powder with organic solvents to
obtain an ganic extract; (b) collecting the organic extract; (c)
refl uxing the organi-c extract to obtain a second extract; (d)
renovi ng 15 the organic solvent fromthe second extract; (e) drying
and sterilizing the second extract to obtain a crude extract powder;
() fréﬁﬁ$®n&mﬁoglmbﬁdesuﬂeompbﬁﬁcmf@mmﬂ&mmkpumnom®MDgnﬂﬂhscumbﬁgngthe

HPLC an FPLC chro to raphy with silica Cl8 and oth

burval Ve P b T B RaRa i Bl oD hotfnte ki s eyt gprises a suitable
wavel engieraln 200MBF @mbodMda tf(é“éor‘né@élﬁcbrf Mbtﬂgrléé‘ﬁa RireAekL¥ically suitable
conponents of the crude extract powder; purifying one or nore

bi oact i8¢ ®onponents of the crude extract povvder with FPLC to obtain
one or nore fraction of the bioactive conponent; and (j) isolating
the desired fraction of the bioactive conponent with preparative
HPLC. Gduigpinveotion 2Bovites ai methud fon tprading demrian campen ivd acaubpedt scorgplising

Lo oD Sarl B8y Sk ot el fohpostons.

L- aoabi nof ur anosy|

(1-*3) ur ongpyr anosyl - 21, 22- O- di angel oyl - 3(3, 15a, 16a 21
21(3. ZoReT AU € BPELAIS FoahEaniIogB Aer VTGl heth JropipBsHfrom fhe

Thi s cazppBgeaddsmily UorlRRidd HB LRPsheE qaRrextattld KbihthocSrds sorbifolia or

plant powder with organic solvents to obtain an organic extract; (b) collecting the

organic extract; (c) refluxing the organic extract to obtain a second extract; (d) removing

15 the organic solvent from the second extract; (e) drying and sterilizing the second extract
to obtain a crude extract powder; (f) fractionating the crude extract powder into
components using HPLC and FPLC chromatography with silica gel, C18 and other
equivalent solid phase materials; (g) monitoring absorption wavelength at 207nm or
254nm; (h) identifying the bicactive components of the crude extract powder; (i)

20  purifying one or more biocactive components of the crude extract powder with FPLC to
obtain one or more fraction of the bioactive component; and (j) isolating the desired
fraction of the bioactive component with preparative HPLC.

Compound Y

25  This invention provides a compound comprising the following structure, i.e., see Figure
17, with the formula of Cs7HggO23 and the name of 3-O-[B-D-galactopyranosyl{(1—2)]-o~
L-arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21,22-O-diangeloyl-33, 15¢, 16q,
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Y3011 OHp OH COCH OH 0OJLO CHHOOH OH HOOOHO OH
OH Thi's conpound bel ongs to an ol eanene triterpenoi dal saponin with a
trisaccharide chain 5 attached at C3 of the aglycone and two

angel oyl groups acylated at CG21 and C22. This conpound has
anti-cancer activity. The assignnent of this structure i s supported
by spectral data, i.e., HNWVR 2D NVR (HWVBC, HMQX), and M

( MALDI - E ord| hi s c und has. .t he . .

Char acZaBi 22 ZSeRiy CXEeHiIR e FIgLRBEVE g Y 2B olsp oTis compound
Corrpou%SYgoﬁt@dsrdrﬁ\)@de%@régerbﬁl(gga anot her conpound conprising the
followi ng structure, i.e., see Figure 23, with the fornula of
C65H100027 and the nanme of 3-0-[(3-D 15 _

gal act opyr anosyl (1-*2)] - a- L- ar abi nof uranosyl (4~ >3b-_( - D-yl ucur onopyr
anosyl -21-0- (3,4 Y3
di angel oyl ) - a- L- r hacmmophyr anosyl - 22- O ac B O, 2 ('3' 22a, 28-

pent ahydr oxyol ean-1 2-ene, al so known & | C 1.
""OH
a 0 COOH
o. ©
OH
HoJ ‘L'/";
OH OH
HO 0
OH 'e)
OH
OH

This compound belongs to an oleanene triterpencidal saponin with a trisaccharide chain
5 attached at C-3 of the aglycone and two angeloyl groups acylated at C-21
and C-22. This compound has anti-cancer activity.

The assignment of this structure is supported by spectral data, i.e., H-NMR, 2D NMR
(HMBC, HMQC), and MS (MALDI-TOF, EMS). Accordingly, this compound has the

10  characteristic property as shown in Figures 18-22 or Table 5.1.

Compound Y1

This invention provides another compound comprising the following structure, i.e., see

Figure 23, with the formula of CgasHippO2y and the name of 3-O-[-D-
15  galactopyranosyl(1—2)]-a-L-arabinofuranosyl(1—3)--D-glucuronopyranosyl-21-0-(3,4-

diangeloyl)-a-L-rhamnophyranosyl-22-O-acetyl-3p,16a., 21B, 22¢, 28-

pentahydroxyolean-12-ene, also known as Xanifolia-Y1.
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YILO OAc OH"""CH pCOHp OOOHCGpp HOOHOHp CH3 HOO1l1 C
-0 OH LOHp ~(\ OH This conpound is a bisdesnosidic

pol yhydr oxyol eanene triterpenoidal saponin with a trisaccharide chain
at C3 of the backbone and a nonosaccharide 5 noiety at C 21 where
two angel oyl groups were acylated at C3 and CG4 position. This
conpound has anti-cancer activity. The assignnent of this structure
is supported by spectral data, i.e., HNVR 2D NVMR (HVBC, HMX,
COsy), and Ms (MALDI - TOF). Accordingly, this Trpound has the 10
characteristic propekyy as shown in Fi gures 2 ‘pound Y2 Thi s

invention provides a third conpound conp 2! oI | owi ng
structure, i.e., see Figure 28, with @@ 7H53024 and
chem cal name of 3-0-[(3-D 15 -

gl ucopyr anosyl - gl ucur onopyr an
osyl -21,22-0

28- hept ahy

(1-*2) ] - arderar abi nd JyE(1- >3PH( 3-
ye 21(3, 22a, 240,

Y2. 23 O

YZ 011 O C

HO

OH

This compound is a bisdesmosidic polyhydroxyoleanene ftriterpenoidal saponin
with a trisaccharide chain at C-3 of the backbone and a monosaccharide

5 moiety at C-21 where two angeloyl groups were acylated at C-3 and C-4
position. This compound has anti-cancer activity.

The assignment of this structure is supporied by spectral data, i.e., H-NMR, 2D NMR
(HMBC, HMQC, COSY), and MS (MALDI-TOF). Accordingly, this compound has the
10  characteristic property as shown in Figures 24-27.

Compound Y2

This invention provides a third compound comprising the following structure, i.e., see

Figure 28, with the formula of Cs/HgsO24 and chemical name of 3-O-[B-D-
15 glucopyranosyl-(1—2)]-a-l.-arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21,22-O-

diangeloyl-383, 15a, 16a, 213, 22q, 24B, 28-heptahydroxyolean-12-ene, also known as

Y2.
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11 OHO ""HOCOOHOH OOH OHHOOH OH HOOO OHOHOH This
conmpound (Y2) belongs to saponins conprising a triterpene, a sugar

noi ety and angel oyl groups linked to the backbone. The angel oyl
groups are linked to the backbone 5 at C21 and C22 positions. This
conpound has anti-cancer activity. The assignnent of this structure
is supported by spectral data, i.e., HNVR CNVR 2D NWVR (HVBC
HMQC, TOCSY), and M5 (MALDI - TOF). Accordingly, this conmpound has the
characteristic property as shown in Figures 29-34. 18§eeaqound Y8
This invention provides a fourth active conpoidid ¥8—afid the structure
was determined by M2 NVR 2D NVR and M5 an 31 S. 'IJ(ﬁe ound
conprises the following structure, i.e gtir-@-35-CW t i t he
formul a of C57H87023 and chem cal narnge d@-gl('glcopyranosyl
(1-*2)] - a-arabi nofuranosyl (1->3)-43 repopytanosyl - 21, 22-0-

di angel oyl -3/ 3, 16a, gl/@ooﬁ2a, 2 hiex(;)ath roxyol ean-12-ene. 24

O C 0 >
i ;/ o 9
OH
HO OH

OH
HO 9]
O
OH
OH
OH

This compound (Y2) belongs to saponins comprising a triterpene, a sugar moiety and
angeloyl groups linked to the backbone. The angeloyl groups are linked to the backbone

5 at C21 and C22 positions. This compound has anti-cancer activity.

The assignment of this structure is supported by spectral data, i.e., H-NMR, C-NMR, 2D
NMR (HMBC, HMQC, TOCSY), and MS (MALDI-TOF). Accordingly, this compound has
the characteristic property as shown in Figures 29-34.
10
Compound Y8
This invention provides a fourth active compound Y8 and the structure was determined
by 1D NMR, 2D NMR, and MS analysis. The compound comprises the following
structure, i.e. see Figure 35, with the formula of Cs7Hg7023 and chemical name of 3-0O-
15 [fglucopyranosyl (1—2)]-c-arabinofuranosyl (1-—3)-f-glucuronopyranosyl-21, 22-O-
diangeloyl-38, 16¢, 218, 22a, 243, 28-hexahydroxyolean-12-ene.
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0O Y-8 Hp "HCOONO =~ //HOOOHHAO OH OHHHOO OHO OH H
The assignnent of this structure is supported by spectral data, i.e.,
H NVR, C13-NMR and 2D NVMR (HMX). Accordingly, this conpound has the
characteristic property as 5 shown in figures 36-38. Conpound Y9

This invention provides a fifth active conpound Y9 and the structure
was determined by 1 D NVR, 2D NVR, and Ms anal ysis. The conpound

conprises the following structure, 10 i.e., see Figure 39, wth the

formul a of C63H98026 and chemi cal nane @ -/ | act opyr anosyl
(1->2)}- a-ar abi nof uranosyl (1->3)-/3-gl {opyr anosyl - 21- O (3, 4-
di angel oyl ) - a-r hatmmopyr anosyl - 3/ f, 16a, 3, 29
28- pent ahydr ¥x§ol ean- 12-ene. 25 0 %9 1SH S
11
i OH O

The assignment of this structure is supported by spectral data, i.e., H-NMR, C13-NMR
and 2D NMR (HMQC). Accordingly, this compound has the characteristic property as
5 shown in figures 36-38.

Compound Y9

This invention provides a fifth active compound Y9 and the structure was determined by

1D NMR, 2D NMR, and MS analysis. The compound comprises the following structure,
10 i.e., see Figure 39, with the formula of CgzHgsO2 and chemical name of 3-O-[f-

galactopyranosy! (1—2)]-e-arabincfuranosyl (1—3)-4-glucuronopyranosyl-21-0-(3,4-

diangeloyl)-a-rhamnopyranosyl-34, 16a, 218, 22, 28-pentahydroxyolean-12-ene.
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O OOCOONO GO0 OH~0oCHB HOO HOHCGCOO™H HOO~I\ OHO ™H
OH The assignnent of this structure is supported by spectral data,
i.e., HNWVR 2D NVMR (HMX and HVBC). Accordingly, this conpound has
the characteristic property as shown in Figures 40-42. 5 Conpound
Y10 This invention provides a sixth active conpound Y10 and the
structure was determned by 1D NVR, 2D NWR and MsS anal ysis. The
conpound conprises the following strucjiurg, i.e., see Figure 43,

" f 3-0 10

[/ 3-gal act opyranosyl (1-*2)]-a-arabi nof
(1-*3)-, 6-glyayr onopyranosyl - 21,

22a, 28-pent ahydroxyol ean-12-ene.
OH HOf OH OHHZO

gel oyl 43/ 3, 16a, 21/3,
Q’)HHo-c OH "SOH 0 COOH 0

COOH

0 O o c—0 0
AT s
HO |
on O] C—0 OH
HO 0 ¥~<
OH 0
OoH

The assignment of this structure is supported by spectral data, i.e., H-NMR, 2D NMR
(HMQC and HMBC). Accordingly, this compound has the characteristic property as
shown in Figures 40-42.

Compound Y10

This invention provides a sixth active compound Y10 and the structure was determined

by 1D NMR, 2D NMR and MS analysis. The compound comprises the following

structure, i.e., see Figure 43, with the formula of Cs7Hs702; and chemical name of 3-0-
10  [F-galactopyranosyl (1—2)]-e-arabinofuranosyl {1—3)-g-glucuronopyranosyl-21, 22-0O-

diangeloyl-34, 16, 214, 22a, 28-pentahydroxyolean-12-ene.
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O H OH 26 The assignnent of this structure is supported by spectral
data, i.e., HNWR Cl13-NMR and 2D NWVR (HMX). Accordingly, this
conpound has the characteristic property as shown in figures 44-46.
5 This invention provides a conpound conprising a sugar and a
triterpene or Sapogenin, wherein the triterpene or sapogenin is

acyl ated at Carbon 21 and 22 with Angel oyl groups. In an enbodi nent,

the co . | : r .. This_jnventio h

ext r act SRS ATRAL 8T B Al S oRdHRE B SdeRal B PO MR R
exper i namt 8Df KMRIGHRIQE niAvgotdheglanthis campennd bk \thé \ohamutestiewraperty as
cells lines . derived from el even human organs (HTB-9 (bl adder),

HeLa- S350} DiTgHres#A-#8.  (prostate), HA60 (lung), MCF-7 (breast),

K562 (| eukocytes), HCT116 (colon), Hep& (liver), U20S (bone), T98G
(brain)_and OVCAR-3 (ovary)). Anong the 11 cell lines studies, their
sendi t i Uhig jnvestian @rowgrhe cenpsusdcontisising @ sugarcand arritespetievdrdsapagendn,
four 1 : t | i V.es: r | Qur. ; .

sensi 11 RHP Bipy b cor Bddantf is Seled SERALELA, & b Argeio

liver, doepstin andmbodinmentathe doB)pdumesnygiseistoneasr motedsugars.er vi X,
and lung. See Figure 16A-D. Their 1C50 values are listed in Table
3.1. Table 3.1. 1C50 val ues of Xanthoceras Sorbifolia Extract

Det er miTigd inverohf $Howat thal @xaneest KehihdcsRRCSbEEI Bald amidhddeeratity.
organs 1C50 determ ned by MTT assay (ug/m) Ovary (nost sensitive)

15-Ws pihgigeperiments forvestenpingwy they matismngsr aofivitt @neploy human cells lines
(sem - sERRbl! KBin 4enfh HAP G &€ 20-PB-oL (M88d&T $RLa-S3 (cervix), DU145
(prostate), H460 (lung), MCF-7 (breast), K562 (leukocytes), HCT116 (colon), HepG2
(liver), U208 (bone), T98G (brain) and OVCAR-3 (ovary)). Among the 11 cell lines
studies, their sensitivity toward Xanthoceras sorbifolia extract can be divided into four
16 groups: (A) most sensitive: Ovary, see Figure 14; (B) Sensitive: bladder, bone, (C) Srmi-
sensitive: prostate, leukocyte, liver, breast, and brain; and (D) lease sensitive: colon,

cervix, and lung. See Figure 16A-D. Their IC50 values are listed in Table 3.1.

Table 3.1. IC50 values of Xanthoceras Sorbifolia Extract Determined in Different
20 Cancer Cells

Cancer cells from different organs IC50 determined by MTT assay (ug/ml)
Ovary (most sensitive) 15-15
Bladder (sensitive) 45-50
Bone 40-55
Prostate (semi-sensitive) 40-50
Leukocyte 45-50
Liver 45-65
Breast 65
Brain 70-85
Colon (least sensitive) 90
Cervix 115
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Breast 65 Brain 70-85 Colon (least sensitive) 90 Cervix 115 27
Lung 110 1In order to identify the active conpounds of Xanthoceras
sorbifolia, the extracts from Xanthoceras sorbifolia were separated
by chronmat ography conprising FPLC (Fast Protein Liquid

Chr omat ogr aphy) and HPLC (Hi gh Prefernent Liquid Chronatography). 5

Mul tiple fractl ons were obtained by FPLC pr ocedur es i.e., see Fi gure
9 and [HPLE; R - see-Figture—8r—Analy the—fract+ons—byHPLC
shows thJi’ the extract conprises 26 i dL@[l fiable fractions,

designated as a to z, which are showm in Figure 8 Anti-cancer
activities of these fractlons were determned by the MIT assay. FPLC

10 fr adl PHersigedentify ghe aghive mogpoengds, OfvaﬁTE*PPQ%?%%Emf@#%gfh@o@ﬁPaé& flem
Yin H%ﬁthdog?as s® o[aﬁ' WEFeE SQP%@? tb&t S%Hatﬁgggyﬁgnﬁﬁw:iiﬁ% FPLC (Fast

Fraction 596 er sepa
i.e., $Seeteli biguid @mrorﬁatagtapbm ) 8686 F RIS (IFight Praferoegé Laqued Ghnomaﬁ:gﬁaphy)

co on Y. 12. The Lonp

3 5v1 e VSRR By S e R B at by e 8 ROR TR TR Glie
and wesee thiguref&r @nabelsabiethe ﬂ&tﬁnmdyaHPuc slmwmmadsheYaxtré(& cntbriéte 26
al so show tronﬁg anti-tupor activity, | , see Figure 4, and were
t her ef $ledtifabpiasfonsdesigngtrkas 3 to ?h‘@h'§hﬁj%§b?‘é§ ipFigue8e active
conmpounds, i.e., Y, Y1, Y2, Y8, Y9 and Y10 and their uses are the
subject of this application. 20 The inhibition effects of the
corrpouﬁ@g czamcerh@cwrfb@%mf thesee dteicion® waie adgtarmipadcley theMET agsey. FPLC

o Bhu2iefuh Rlos i 100 95BN Rk CoBRRYG B A B85’ LRI . ceo
ori gi n&igure Lﬁiehaﬁtthacantasammtwlm Fragtion 3964 M@0 furth2d separhted dfo 4
components Y1 to Y4, i.e., see Figure 11. Fraction 6365 was further seperated into 5-6
components, designated as Y5-Y10. See Figure 12. The compounds Y or Y3, Y1 and

Y2 show strong anti-tumor activity, i.e., see Figure 2-3, and were therefore isolated.

156 Similarly, compounds Y8, Y9 and Y10 also show strong anti-tumor activity, i.e., see

Figure 4, and were therefore purified. See Figure 13.

The structures of these active compounds, i.e., Y, Y1, Y2, Y8, Y9 and Y10 and their

uses are the subject of this application.

20
The inhibition effects of the compounds of the present invention on ovarian cancer cells
were evaluated with the MTT assay. Compound Y shows at least 10 times higher
potency (IC50 = 1.5 ug/ml), i.e., see Figure 2, than the original crude exiract as shown
in Figure 14 (IC50 = 20 ug/ml).

25

The selectivity of compound Y toward different cell lines was tested, and it was found
that compound Y has a much higher potency toward ovarian cancer cells as compared

to the cervical cancer cells. See Figure 15.
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The selectivity of conpound Y toward different cell |lines was tested,
and it was found that conpound Y has a much hi gher potency toward
ovarian cancer cells as conpared to the cervical cancer cells. See
Figure 15. 28 This invention provides a nethod for identifying and

i solating the active conpounds fromplants, herbs or plant extracts.
In an enbodienent the extracts include extracts of Xanthoceras

bi f f Thi t
or ovi delEHEeonr bl Be 4 AheE BF NIRRT R “Eoialibarng sdvar Bt s
from m@hrmms aISerEQFOprfa@it leRtrattsOfn @ anibddfonesnt! the Sariciringrade extracts of
famly are _shown in Figure 1. Thi s i nventi on provi des

spectraﬁr&ﬁ%ﬁrﬁ éPHHﬁ%H@OFPf\IR}ﬁ”tSéquQ IhpRepingrcgas femilsc, 10 HVQC,

COosy, TOCSY), and Ms (MALDI - TOF, ESI-MS) in supporting the assigned
structures. This invention provides a consensus sub-structure or

f unét i ohs inyieotipn prodasibeatiemienl stuaivemaksipactive eempoems okisinabie fiom

Tbtar naRTiRG e olhiftia lor it pdnte om e Sahindateap ey, TH8 coppoung are

consensshowsuib-Fgurect.ure or functional group of these conpounds is the
bi angel oyl groups |ocated on adjacent carbons. For exanple, in
conpound Y, Y2, Y8 and Y10, the biangeloyl are |located at 21(3 and

22a of THI@lﬁ\fénTn@hHﬁ‘BﬂdQ@%bB@tﬁﬁ da‘éﬁen&uamg%mmhn@%wpadziélmﬁqwmmgc
the bi an roups are | ocated at he sugar ring.

Fi dlr e C@ (A@ hdiAgPY). ame Wdhfg@wﬂogr E@W%)f mt Rlerporting ithe assugned
corrpourgﬁ| ffgSituated in trans- position with respect to each other
on a pl anar Structure. See Fi gure 7. The results of this invention
indicate the active functional group of these compounds is a

bi angel attached in-trans t cent .carbons located in a..
o anar T ibieniEn 58688 ¢ahsenal siBEES ahiatopRD o a Pt
t he abaensirmesipieified drapegadson Yhhel ddvgstiunes, Bl heasoRrYSONPOosRt YaNYg
conpr|3|n t he above-descri bed conmpounds and 30 a suitable carrier.
nd Y
10, obtainable from fraction Y are collectively referred to as “Ys”. The consensus
sub-structure or functional group of these compounds is the biangeloyl groups located
on adjacent carbons. For example, in compound Y, Y2, Y8 and Y10, the biangeloyl are
located at 21p and 22¢. of the triterpene backbone. See Figure 5. In compound Y1 and
Y9, the biangeloyl groups are located at C3 and C4 of the sugar ring. See Figure 6.
20  Accordingly, the biangeloyl groups of these active compounds are situated in trans-

position with respect to each other on a planar structure. See Figure 7.

The results of this invention indicate the active functional group of these compounds is a

biangeloyl group attached in-trans to adjacent carbons located in a planar structure.
25 SeeFigure 7.

This invention provides a salt of the above-described compounds.

This invention provides a composition comprising the above-described compounds and

30 asuitable carrier.
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29 This invention provides a pharmaceutical comnposition conprising an
effective anmount of the above-described conpounds and a
pharmaceutically acceptable carrier. This invention provides an
anti-ovarian cancer agent or conposition conprising the 5
above-descri bed conpositions. This invention provides a conposition
effective agai nst cancer grow h. The cancer includes but is not

| nvent 181 BroRaRo R RBE A E AR SRR b mBP RS R efS0E HrrtitiElgThount of
conpourtists albave-dédieibed $ahippunds had 3, piiemacettiostis acteptablaliridres

capable of inhibiting tunmour growth. This invention provides a
conposition conprising the above-descri bed conpounds and their

sal s, TR ABntdleThyAey 8h BRi-BRARPLERSS SaaRDbCcahpbalbRidohiltioHid e

growth and/or 15 activities. In addition to the conmpound Ys, other
conpourbieveweecrilesicompasitiong. from fraction R and fraction 0 of the
extract of Xanthoceras sorbifolia, which are designated herein as Rl
and 054, respectively. Their structures were determ ned. Prelimnary
experi Maig svedflomn rmlbmdéae eb@bhuﬁisitiandeMdeagﬂﬁsth@am:eartjerﬁnc"éhe cancer

activit und R1 T npound Rl shown bel ow and in
R T o g L e A R L
25

3-0-[ angel oyl - (1- 3- D gl ucopyr anosyl 1-*6)] ucopyr anosyl
283@[ [ d |_s.|n¥ent|(on proznd(es a oc(i:lmpoa gn comp?fllsmé the a ove descr?bed copn)'n/poundsyand

r hanmo I anosyl
OB sl iRt iR asequial bt ik Ry gpanet
Xanifolia-Rl. 30 Rl OH ""/O—I HOOCHZ OOHOHOH
This invention provides a composition comprising the above-described compounds and
their salts, esters, derivatives or metabolites capable of inhibiting virus growth and/or

15  activities.

In addition to the compound Ys, other compounds were also purified from fraction R and
fraction O of the extract of Xanthoceras sorbifolia, which are designated herein as R1
and 054, respectively. Their structures were determined. Preliminary experiments

20 indicate both R1 and 054 do not have anticancer activity.

Compound R1
The structure of Compound R1 shown below and in Figure 47, has a chemical formula
of CssH105029 and chemical name of

25  3-O-[angeloyl-(1—-3)--D-glucepyranosyl-(1—6)]-B-D-glucopyranosyl-28-O-[a-L -
rhamnopyranosyl-(1—2)-B-D-glucopyranosyl-(1—6)-B-D-glucopyranosyl-3p, 213, 22«,

28-tetrahydroxyolean-12-ene, also known as Xanifolia-R1.
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H OHOH-(~-OHOOO OHOHOHO O OOH ;CH OH OH The assignment
of this structure is supported by spectral data, i.e., H NW

C 13-NWVR, 2D NWMR (HVBC, HMX, COSY), and M5 (MALDI - TOF, EMS).
Accordingly, this conpound has the characteristic property as shown
in Figures 48-52. 5 Compound-054 This invention provides a conpound
054 purified fromthe extract of Xanthoceras sorbifolia. The
structure of 054 was determ ned agd, has a fornula of C60H100028. The
Structure of Conpgund 054 is showr<bebow, i.e., see Figure 53: 10
054 nl aWw169 i H419/ OH 35 C , ; X, H Z9a; 0, .35 79 "OH H
CH2 HOHOHH 1He cOH

I
%Q_IO
o
I
o o)
T
o)
I
o o
o)
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o)
Q
T
o
o]
o]
o

CH;

CH OH
The assignment of this structure is supported by spectral data, i.e., H-NMR, C-13-NMR,
2D NMR (HMBC, HMQC, COSY), and MS (MALDI-TOF, EMS). Accordingly, this

compound has the characteristic property as shown in Figures 48-52.

Compound-054
This invention provides a compound 054 purified from the extract of Xanthoceras
sorbifolia. The structure of 054 was determined and has a formula of CgglH1g0O02s.
The Structure of Compound 054 is shown below, i.e., see Figure 53:
10

Mol We: 12694192
C. 5677 H, 7940, 35.29

[ 054 o, Sehela ]

H a
O——
H
G
OH OH N
Glem
OH H
OH
HO
OH OH
CH
8]
HO M=
CHj
OH ©OH
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HOOHHOOHH OHO HOM CH3 OHOH 31 The chem cal nane of
conmpound-054 is: 3-0-(3-D-glucopyranosyl-(1-*6)]-(3-D dl

ucopyr anosyl - 28- O [ a- L- r hamtmopyr anosyl - (1-*2) - [ 3- D- gl

ucopyranosyl - (1-*6)-[ 3-D- gl ucopyranosyl -3(3, 21 [3, 22a,
28-tetrahydroxyol ean-1 2-ene. 5 The assignnment of this structure is
supported by spectral data, i.e., 1 HNVR 2D NWVR (HMBC, HVX).

Accordingly, this conpound has the ract eri.st,i ropert S, .S

R gUPEs oried SHRREDY S8ene ERALOR! on SR eRT eI TR0
i dent i giicBgyRdspLra-{ y[bcﬂg_rrféi’ﬁwlﬂﬂ%sfy[—gmaEPE{@Jgﬁﬂ:bpyr%ﬁbéﬂgﬁ —QEQ-B-D-
Xant hoceras” sorbifolia. Six conmpounds have been identified an

puri f i gicopyr@nohgxds, Bépn2ah Glntetrahpdrosyelaan-darrer activity. These

conpounds are collectively referred to as triterpenoidal saponins. A
consensus sub-structure is identified from these active conpounds. A

consengHs diyndidrii OF Wi silichesd i/ sudporrid IDNepedid dpt, Ofe. t 1EPMRI2D NMR
conpounds i s the hiangel oyl groups |ocated on adjacent carbons. The

bi ange(’évﬁcsd‘ﬂl\ﬂ@@- AreCTbight dis gomppynd fipsoths Graragieristiq RrepBEN&Ss shown
backbonp;;ighré%.w_gg_e Figure 5 or located at C3 and C4 of the sugar
ring, 1.e.”, see Figure 6. Accordingly, the biangel oyl groups of

t hese active conpounds are situated in trans-position in respect to
each OFQ@% agp a planar structure. See Figure 7. The structures or
deri vaPret t he conpounds of 20 the present invention are al so

obti@i nahisanbyntioneproeiles siyethbes far identifyingmanidadediing cormpounde sroml thesplant
e O L Lo X0 b MK ATPh 5 WG] S ifoa, and
have been shown to have anticancer activity. These compounds are collectively
referred to as triterpenoidal saponins. A consensus sub-structure is identified from

these active compounds. A consensus sub-structure or active functional groups of these

15 compounds is the biangeloyl groups located on adjacent carbons. The biangeloyl
groups are located at 213 and 22a of the triterpene backbone, i.e., see Figure 5, or

located at C3 and C4 of the sugar ring, i.e., see Figure 6. Accordingly, the biangeloyl

groups of these active compounds are situated in trans-position in respect to each other

on a planar structure. See Figure 7. The structures or derivatives of the compounds of

20 the present invention are also obtainable by chemical systhesis or from biological

sources.
This invention will be better understood from examples which follow. However, one
skilled in the art will readily appreciate that the specific methods and resulfs discussed

25 are merely illustrative of the invention as described more fully in the claims which follow

thereafter.
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skilled in the art will readily appreciate that the specific nethods
and results discussed 25 are nerely illustrative of the invention as
described nore fully in the clains which follow thereafter. 30 32
EXPERI MENTAL DETAILS Experinment 1: Herb Extraction (a) extracting
Xant hoceras sorbifolia powder of husks or branches or stens or |eaves
or 5 kernels or roots or barks with organic solvent at ratio of 1:2

for 4-5 Of each time to forman organi c extract;
FXPERIMERTACDETARCYL S ! .

(b) col e orga extract; (c) refluxing the organic
extract for 2 3 times at 80C to form second extracts; (d) renoving
the organic ent fromthe second extract; and (e) drying and
sterili 'Pl‘tfj"'i’ﬁ@ ixg Q%[Exfréc*'BF‘m a Xanthoceras sorbifolia extract

owder i r f f
P mponedl Sy Xehodirac BBIIEIR pRlIER ! RS S BREE & mbTr 1ees or

phade beaigelpak reds mmvackeavigh orfaRig@vent ataaticeoiul :Riftr 4bdiinesviar 2043Bhours
acet oni I r i
A extr st e Yo Jeh ad b sRBARL P ATENITEY PG PR b hisiing e
descr i bedanic dxxpet farens tlmewahsmamdowactzeygﬁn@wtrbttbr ad)i remosvmgumem‘rggmc
/m bfo a into,the c u anpl es was applie
.n?uo Zzo%‘fﬁ?tef@fﬁ%% ei'%ﬁ i PitEes: 2 ﬂﬁli%? fliing %Qaét@ 'm%ﬂzw?ﬁm oy a
rate O0.%arithé8ras soMifbla @g@é&gﬂwydelre gradient from10%to 80%in 70
mn, and then remains at 80% for 10 m n. The acetonitrile

coridentration then decr eased to 10% and remained at 10%for 25 mn.
The 1 AR NS AT A B TSRS Bty Crghbntd b pLc
| nst rur@hltcsnamreplsy I\/bdel 510 Solvent Delivery System Witers 484
tunable 25 Absorbance Detector; Waters 745/ 745B Data Modul e.
Methods
15 HPLC. A C-18 reverse phase ubondapak column (Water P/N 27324) was equilibrated
with 10% acetonitrile, 0.005% Trifluoroacetic acid (equilibration solution). An extract of
Xanthoceras sorbifolia prepared using the methods described in Experiment 1 was
dissolved in equilibration solution (1 mg/ml) before applying into the column. 20ug of
samples was applied into column. Elution conditions: Fractions were eluted (with flow
20  rate 0.5 ml/min.) with acetonitrile gradient from 10% to 80% in 70 min, and then remains
at 80% for 10 min. The acetonifrile concentration then decreased to 10% and remained
at 10% for 25 min. The fractions were monitored at 207 nm and recorded in chart with a
chart speed of 0.25 cm/min and with OD full scale of 0.128.
Instruments. Waters Model 510 Solvent Delivery System; Waters 484 tunable
25  Absorbance Detector; Waters 745/745B Data Module.
Absorbance analysis. The absorption profile of Xanthoceras Sorbifolia extract at various
wavelengths was determined. An extract of Xanthoceras sorbifolia of the present
invention was dissolved in 10% acetonitrile/TFA and scanned at 200-700 nm with a
spectrophotometer [Spectronic Ins. Model Gene Sys?2].
30
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Absor bance anal ysis. The absorption profile of Xanthoceras Sorbifolia
extract at various wavel engths was determ ned. An extract of

Xant hoceras sorbifolia of the present invention was dissolved in 10%
acetonitrile/ TFA and scanned at 200-700 nmw th a spectrophotoneter

[ Spectronic Ins. Model CGene Sys2]. 30 33 Results HPLC. About 60-70
peaks can be accounted for in the profile. Arong themfour are ngjor
peaks, R]e% ?tlse of nmediumsize and the rest are small fractions. The
peaks alre abelled with a to z follow ng increased concentration of
acet oniHRALG.eAlRIUtE0eT0 pSeks kg Weeacdoubited s dn [the @rofifexi Among Theredour are

absorptiqon ma were identifjed for Xant hocer a orbifqlia plant
ext r acfmaongy Smﬁ%] f Anesioonsizend heglRss a5y sl é"f“?ﬂﬁ’ﬁﬁtq‘l e peaks are

Det er ”!éb%fllbﬁ’ i a ke fﬁlﬁM;nQ ﬁ%ﬁb&%éﬁﬁeﬁﬂfra%rﬁ %? ta@é’toﬁ%rnéaé?&tmﬁ @e@SFqun%
Sorbifolia Extract with Cahcer Cells Derived fromDi fferent Hunman

Orgén58u5| ng MIT Assay Methods and Materials Cells. Human cancer

coL o PRI RAS FEEAEEh Y ReFBET At
MCF- 7 gbrtéfala plant Katbact( 2@rinocyises) anti6T0dm. SeelFm)re Fep& (i ver),

U20S (bone), T98G (brain) and OVCAR-3 (ovary). Cells were grown in
cul ture nedium (HeLa-S3, DU145, MCF-7, Hep-@& and T98G in MEN

( Ear | e'Expeihient; 3:HIB=Pmimkiéh I IAE, ce@@‘iﬁvﬁ. aet:ﬁBMeffeé&@byHCJnt%@eras
U20S in %BSA suppl enented with 10%fetal calf serum

gl 1R anSesbifatia Fxtrast a\t'ﬂbgamea Cedls Rerivrahrifign iRifferentutumgn ‘afgfmﬁcusmg
MIT asqp % gYprocedure for MIT assay foll owed the nethod descri bed
in (Carmc ael et al., 1987) with only mnor nodifications. Cells
were seeded into a 96- wells plate at concentrations of 10, 000/ wel |

(HTB- 9 % 416, T98G OVCAR-3), 15,000/ vel | (DUL45,
“’l%gﬁ?ﬁsaﬂ? teridls 40" 000/ wel I (K562), for 24

Cells. Human cancer cell lines were obtained from American Type Culture Collection:
15 HTB-9 (bladder), HelLa-S3 (cervix), DU145 (prostate), H460 (lung), MCF-7 (breast),
K562 (leukocytes), HCT116 (colon), HepG2 (liver), U20S (bone), T98G (brain) and
OVCAR-3 (ovary). Cells were grown in culture medium (HelLa-S3, DU145, MCF-7,
Hep-G2 and T98G in MEN (Earle's salts); HTB-9, H460, K562, OVCAR-3 in RPMI-
1640; HCT-116, U20S in McCoy-5A) supplemented with 10% fetal calf serum,

20  glutamine and antibiotics in a 5% CO2 humidified incubator at 37°C.
MTT assay. The procedure for MTT assay followed the method described in
(Carmichael et al., 1987) with only minor modifications. Cells were seeded into a 96-
wells plate at concentrations of 10,000/well (HTB-9, HelLa, H460, HCT116, T98G,
OVCAR-3), 15,000/well (DU145, MCF-7, HepG2, U20S), or 40,000/well (K562), for 24
25 hours before drug-treatment. Cells were then exposed to drugs for 48 hours (72 hours
for Hep G2, U20S, and 96 hours for MCF-7). After the drug-treatment, MTT (0.5 mg/ml)
was added to cultures for an hour. The formation of formazan (product of the reduction
of tetrazolium by viable cells) was dissolved with DMSO and the O.D. at 490nm was
measured by an ELISA reader [Dynatech. Model MR700]. The MTT level of cells
30 before drug-treatment was also measured (T0). The % cell-growth (%G) is calculated

as.
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25 hours before drug-treatnment. Cells were then exposed to drugs for
48 hours (72 hours for Hep&, U20S, and 96 hours for MCF-7). After
the drug-treatnent, MIT (0.5 ng/m) was added to cultures for an
hour. The formation of formazan (product of the reduction of
tetrazoliumby viable cells) was dissolved with DMSO and the O D. at
490nm was neasured by an ELI SA reader [Dynatech. Mdel MR700]. The

MI'T Iev of Rt drug-treatnent was al so neasur (TO.
The o6 B S &'F@e'ldr/gfeg(ﬁ 00l culated as: 34 96 = (TD.TO 1 FE.TO) X
100 (1) where TC or TD represent O D. readings of control or

drugtreated,l_ ells. Wien TO > TO then the cytotoxicity (LC
expr esSKPEs /ooafT'? heerEasant &-0. §e@@na®|o§peatr@sor Guggtreateq pelsdVherdp >

x 100. f@)theﬁﬂwwtéto%ﬂwwb?xﬂrés% bs b BEfe gﬂbﬁ% cal JEtQ&i%‘sO” of

cell -grwoth after” expostire of plant extract was o serve
Howéver , the| r sensitivity toward Xanthoceras sorbifolia extract | S

di fferey 538 /%ﬁ'a‘ﬂaged into four groups: Most sens! ti vc(e2

Ovary; enS| {I Ve, | adder, bone; Sem -sensitive,

pr ostate | eukocyte, liver, breast, and brain; and Least senS| tive,
\C,lgﬁ}g cervi x, and Iung. See Figure 14, 15 and 16 A-D. Their

IC50 \ ?are listed in Table 3.1. 15 Table 3.1. 1C50 val ues of

Xant hocghagg 8 ki fell Inﬁegwcﬁéé .H%%m d?edémg?waﬁf éﬁére&poswsﬁﬂaf»?ﬁlahﬁact

Cancer cells fromdifferent organs det'er m ned
(udPn yWasOphsgrvegos tHayeeusrt ithed) SﬁBSIBBItBItQ\da@k &ag\&meraa@prm&haoextmws

40-55  gifferent. It can be divided into four groups: Most sensitive, i.e., Ovary; Sensitive, i.e.,
bladder, bone; Semi-sensitive, i.e., prostate, leukocyte, liver, breast, and brain; and
Least sensitive, i.e., colon, cervix, and iung. See Figure 14, 15 and 16 A-D. Their IC50
values are listed in Table 3.1.
15
Table 3.1. IC50 values of Xanthoceras Sorbifolia Extract Determined in Different

Cancer Celis

Cancer cells from different organs IC50 determined by MTT assay
{ug/ml)
Ovary (most sensitive) 15-15
Bladder (sensitive) 45-50
Bone 40-55
Prostate (Semi-sensitive) 40-50
Leukocyte 45-50
Liver 45-65
Breast 65
Brain 70-85
Colon (least sensitive) 20
Cervix 115
l.ung 110
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Prostate (Sem -sensitive) 40-50 Leukocyte 45-50 Liver 45-65 Breast
65 Brain 70-85 Colon (least sensitive) 90 Cervix 115 Lung 110 35
In addition to cell-growth inhibition, the Xanthoceras sorbifolia

pl ant extract also stinulate a mnor cell gromh at | ow
concentrations in bladder, bone and lung cells. Results indicate
that there is a cell or tissue stimnulation conponent(s) in the

' . i) ' : | ohi biti
Compondhe ot 18 CefemBRERAER, Pe RaMIEERASTRAEIS Rl bRl oo
ext r acistimasaté raaetinenad|e drowthgatr lewl Qosderivatibhe i esaddes, bbnd ked lung cells.
o oo D EHSLBR 13 1€ e L 5D S B CRumsEP A ot

cel | s. sHaarifinistis@nsnppé@i ned from FPLC, as shown in Figure 9, 10
wer e used. shown in Figure 9, different conmponents of Xanthoceras
sorbifolia extracts cause either growh or inhibition effects on

cells. racti HO62 ' ' .

ar out h oA e G AR BBE cort e BRPb e SR i Sorito i R St e

G owt h plaheeetrattneat foscthateas sBiglire 16 shxwe tharssultd of Bur sdreerihg @f frattions

the I nhipitipn_ Conponents in th nt hoceras . Sorbifolia ract. (A

Fract | GRETHBEH BRI ERTRRGEP N, OF CHPEE B0 RBL KBy crie Sosay Wids

Cct adegyhdddiad Witnaddds teis ! TS fradlionsCobtdifRddtdrR FH 1A as?eHBwh #B8FiGLIre 9,

equilibrated with 10% acetonitrile - 0.005% TFA before use.

10 were used. As shown in Figure 9, different components of Xanthoceras sorbifolia

extracts cause either growth or inhibition effects on cells. Only fractions 5962,
designated as Fraction Y, cause cell growth inhibition. Abscissa: concentration (ug/ml).

Ordinate: % Cell Growth (determined by MTT assay).

16 Experiment 4: Purification of the Inhibition Components in the Xanthoceras

Sorbifolia Extract.
(A) Fractionation of plant extracts with FPLC

20 Methods
Column. Octadecyl functionalized silica gel. Column dimension: 2cm x 28cm;
equilibrated with 10% acetonitrile — 0.005% TFA before use.
Sample loading: 1-2 ml, concentration: 100mg/ml in 10% acetonitrile/TFA.
Gradient elution condition: 10-80% acetonitrile in a total volume of 500 ml.
25  Monitor absorption wavelength: at 254nm.
Fraction Collector: 5 mlffractions (collect from 10% to 72% acetonitrile)
Instrument: AKTA-FPLC, P920 pump; Monitor UPC-900; Frac-900.

Results
30 The elution profile of the chromatography shows 4-5 broad fractions. See Figure 9.

These fractions were analyzed with HPLC. Specific components, corresponding fo a-z
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Sanmpl e |loading: 1-2 m, concentration: 100ng/m in 10%

acetonitrile/ TFA. Gadient elution condition: 10-80% acetonitrile in
a total volune of 500 m. 25 Monitor absorption wavel ength: at
254nm Fraction Collector: 5 m/fractions (collect from1l0%to 72%
acetonitrile) Instrument: AKTA-FPLC, P920 punp; Monitor UPC- 900;
Frac-900. Results 30 The elution profi | e of the chromatography shows

4-5 broad fr . See Fi 9. . f ' ) | yzed
wi e HecspesEd I Hougt s e assionel Bofiar EPLE Reitneg FEL G Hadiarsaue
in Fi guhen gro@fe@ ihfen p@é@lmalﬁé&@s @elFlj’lle@tﬁ ra@ﬁ\tnmwad'd’ér%eus with MTT

fractions are then grouped into POO s and Zed for cel ?rowt
act i vi t3SRY. beageerimem 3 lwves famrd thasealy. posé§5 @orespending tcz ragtion Y
found tha y # o] n fract;i C.
Found, {hehetol Yodghs “FAfior AgigRpo S Bk RSk et R ater
| at @r Sexpepmentetha fmraion‘sr!mytandnsz l:m@corsdoﬁztnalmtmrs how:iynﬁ‘rm tomponents

activit, opent Iat d fromfr

i bi PR O ECLe T &85 gueg MDIah ARIHSS. 4 IBLE Bt [ DA%
Conponent Ys with Preparative HPLC 10 Met hods CoI um: A preparative
HPLC colum (\Waters Delta Pak C18-300A); Elution conditions: 45%
acet onu(ﬁyi‘wat'eeaf&qrepenam %% With RrepasativaHPL® 1 mi/nin.  Fractions
are nonitored at 207nm and were col |l ected and |yophilized. 15 Results
Fi nal separation of Y fractions was achieved by HPLC with a

pr dfar dMethedsol um. See Fi gure 11 and 12. These fracti ons, which

i nclud 0 d.

Re- chrgcrr(% @grg&% %';at' WX&O%PI ?FM%"SS D%'yeg%%g :g(fqt '"HPLC with a
C18 reVEutieh pdrasiforeoUetnacdtesitriie mmt:blemajmmiﬁowﬁi@tecdﬁr@wmr aphy

of the\féo conmpound Y8, Y9 and Y10 showed a single peak in HPLC with a

C18 reJdREUONSIAIEdNOniGIefhAt 25U engyrere p9llegtey anpd hwphilized. and
solubility
15 Results

Final separation of Y fractions was achieved by HPLC with a preparative column. See
Figure 11 and 12. These fractions, which include compound Y1, Y2, Y or Y3 and Y4,
were collected. Re-chromatography of compound Y showed a single peak in HPLC with
a C18 reverse phase column. See Figure 11A and 11B. Re-chromatography of the

20  compound Y8, Y9 and Y10 showed a single peak in HPLC with a C18 reverse phase
column. See Figure 13.

(C) Appearance and solubility
The pure compound Ys is an amorphous white powder, soluble in aqueous alcohol, i.e.,
25  methanol or ethanol, 50% acetonitrile and 100% pyridine.

(D} Inhibition analysis of Compound Ys with MTT assay

Inhibition analysis of compound Y was determined with MTT assay. Figure 2 shows

30 that compound Y has activity against ovarian cancer cells (OCAR-3) with IC50 value of
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The pure conpound Ys is an anor phous white powder, soluble in aqueous
al cohol, i.e., 25 nethanol or ethanol, 50% acetonitrile and 100%
pyridine. (D) Inhibition analysis of Conpound Ys with MIT assay

I nhi bition anal ysis of conmpound Y was determ ned with MIT assay.
Figure 2 shows 30 that conpound Y has activity against ovarian
cancer cells (OCAR-3) with 1C50 value of 37 1.5 ug/m which is 10-15

ti tent th ified,ext t shown  in, Fi 14_,
Fi gur e 15 SBROVETOREs TBAETSA Fpro POR BRI B T dod e e oo
conpargd with 5 cervical cancer cells (HeLa). Figure 3 shows the

inhibition activities of conpound Y1 and Y2 on the growth of ovarian
cancer cells (OCAR-3). Figure 4 shows the inhibition activities of

(OChR g f3Polss FREQIORIRY, i Tordiely 20 R¥fEh RAnCanERs (pated wit
Met hodseNRI aategrscdls (He g)uFgues Bpshoves theonhKadrhacirites sbobinpbolind Y1
di ssqly.ed i idine-D5 with 0.05% TMS_. ALl N tra. .
er o adli v e s R ande” oo o es) rdre e BB P
a QX pephged 4f ddrd@Sdntoi B4, YR aad YA9%rkihe ThtowiiiobersiadfcapeansellsQOCAR-

1 H spectra were 16 to 128, depending on the sanple concentration.
2D Hl\/l’j;‘)-spectra were recorded wth spectral w dths of 6000 x 24, 000
Hz and data points of 2024 x 256 for t2 and t1 di nmensions,
respectively. The nunber of scans were 4 to 128. 2D HVBC were

actoi r Experimentfe Qetarminationsofdheddiogmicad$0odurez 20 and data points
of 2024 x 512 for t2 and t1 di nensions, respectively. The nunbers of
scans were 64. The 2D data were zero-filled in tl1 dinmension to double
t he daMethodsts, nultiplied by cosine-square-bell w ndow functions

in bot and t2 djmensions, and, Fourjer-transforned using sof re
XW N- Nméﬂﬁi’?‘%aﬁh? eRirengempQuRd Lo okaflwggara?osonyge@ rvyﬁsdrdéssofve in

2048x 2?@@5@9’-@%&% dlgsodhaTRG. MINRZHebra e A Grén dsifly BB rukéPAvance
re?gec 6I()E)/el|\ﬂ¥l'z NMR spectrometer with a QXI probe (1H/13C/16N/31P) at 298 K. The
numbers of scans for 1D 1H spectra were 16 to 128, depending on the sample
concentration. 2D HMQC spectra were recorded with spectral widths of 6000 x 24,000
Hz and data points of 2024 x 256 for t2 and {1 dimensions, respectively. The number of
scans were 4 to 128. 2D HMBC were acquired with spectral widths of 6000 x 30,000 Hz
20 and data points of 2024 x 512 for {2 and {1 dimensions, respectively. The numbers of
scans were 64. The 2D data were zero-filled in t1 dimension to double the data points,
multiplied by cosine-square-bell window functions in both t1 and t2 dimensions, and
Fourier-fransformed using software XWIN-NMR. The final real matrix sizes of these 2D
spectra are 2048x256 and 2048x512 data points (F2xF1) for HMQC and HMBC,

25  respectively.

Mass spectral analysis. The mass of samples was analyzed by (A) MALDI-TOF Mass
Spectrometry and by (B) ESI-MS Mass spectrometry. (A) Samples for MALDI-TOF
were first dissolved in acetonitrile, and then mixed with the matrix CHCA, i.e., Alpha-
30  cyano-4-hydroxycinnamic acid, 10mg CHCA/mL in 50:50 water/acetonitrile and 0.1%
TFA in final concentration. The molecular weight was determined by the high resolution
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Mass spectral analysis. The mass of sanples was anal yzed by (A
MALDI - TOF Mass Spectronetry and by (B) ESI-MS Mass spectronetry. (A)
Sanmpl es for MALDI-TOF were first dissolved in acetonitrile, and then
mxed with the matrix CHCA, i.e., Al pha 30 cyano-4-hydroxyci nnam c
acid, 10ng CHCA/nL in 50:50 water/acetonitrile and 0.1% TFA in final
concentration. The nol ecul ar wei ght was determ ned by the high

eor . 1 HOoR PR e S RS B PORAS D R P BES RN v HaeliPag vt
Ther no [EQIEEA. XP tPlus mavhirgethadetdy Btmeo Bintkyanamdistibeized WienEST esurce
t he cog_ﬁﬁgd iﬁ/af tqai trile. g Results The profile of the proton NWR
is pre § o' g?fr € $aMPPHRC ERGQRIBISf i | es of HMQC and HMVBC are

shown in Figures 19 and 20, respectively. Table 5.1 sumrari zes the 2D

NMR chem cal shift data and the assignnment of functional 10 groups
der SvedResWth t hese data. Based on these data and analysis, the

St 1ot ur @ BprECATRE Hhftor e pRegtRilRdotR AT AT R B Aiqe

O COCOH d2dCHBC @re-bdu i Figltes@9 atd2 0, respectively.
Table 5.1 summarizes the 2D NMR chemical shift data and the assignment of functional
10  groups derived from these data. Based on these data and analysis, the structure of

compound Y (Y3) is assigned as shown below.

Figure 17: Structure of Compound Y
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15 The chemical name of compound Y is: 3-O-[B-D-galactopyranosyl(1—2)]-a-L-
arabinofuranosyl(1—3)-B-D-glucuronopyranosyl-21,22-O-diangeloyl-3B, 15¢., 16a, 215,
220, 28-hexahydroxyolean-12-ene.
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OHO OH OH 15 The chem cal nane of conpound Y is:

3-0-[[ 3- D gal act opyranosyl (1-*2)] -a-L-

ar abi nof ur anosyl (1->3) - (3- D- gl ucur onopyr anosyl - 21, 22- O di angel oyl - 3(3
, 15a, 16a, 210, 22a, 28-hexahydroxyol ean-12-ene. 20 39 Table 5. 1.
13C and IH NVR Data for Conpound Y (in Pyridine-d5)' Position C H Key
HVBC correlations 1 38.7 0.83, 1.40 G3, C5, C9 2 26.4 1.81, 2.14

5.3 0 71 5" 130 LR atR tor Cohdunk Y (b PRgue-B870 Os” o o °

8 41.2 {Pofitiér. 0 BC06 C- 7, C8 HC 12, C 14, C 2&eyHMBCT. ébrrelatibhs23. 7
1.74, 1189 12 125 2.5 49 1 H s C-.9. r‘11 C-14  C-18 13 143 4
© 14 4715 - - 15 %73 4. 21 C-EPS@‘E#Ola 73.6 4418 €5 49c 15, C 18
17 48.33 26.4 1.81,2.14 -
3 89.6 325, 1H, dd,|C-23, C-24, GIcA C-T'
12.0/4.0 Hz
4 39.4 _ _
5 55.3 0.78 _
6 18.5 1.55, 1.59 C-8, C-10
7 36.5 2.00, 2.10 C-5,C-9
8 41.2 _ -
9 47.0 3.06 C-7, C-8, C-12, C-14, C-26
10 37.2 _ _
1 23.7 1.74, 1.89 -
12 125.2 5.49, 1H, br s C-9, C-11, C-14, C-18
13 143.4 _ _
14 475 _ _
15 67.3 4.2 C-8, C-27
16 73.6 4.45 C-14, C-15, C-18
17 483 - -
18 40.8 3.07 C-12, C-13, C-14,
C-16, C-19, C-20, C-28,
19 46.8 141, 1.69 -
20 36.2 _ _
21 79.3 6.71, 1H,d, 10Hz | C-20, C-22, C-29, C-30,
21-0-Ang C-1™"
22 735 6.32,1H,d, 10Hz | C-16, C-17, C-21, C-28,
22-0-Ang C-1™
23 27.7 1.26, 3H, s C-3, C-4, C-5, C-24
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18 40.8 3.07 G 12, C 13, C 14,

1.41, 1.
C 30, 2
C 28, 2
24 16.5

69 20 36.2 -
1-0-Ang G 1""
2-0-Ang C1....
1.16, 3H,

21 79.3 6.71, 1H, d,
22 73.5 6.32, 1 H d,
23 27.7 1.26, 3H,
s G3, G4, G5, G23 25

C2
10
10

C 16, C 19,

S
16.

C 3,

0, G28, 19 46.8
Hz G20, CG22, C29,
Hz G16, G 17, C 21,
G4, G5, (CG24 40
0 0.81, 3H s C1

G5, G99, C—lO 26 17.3 0.99, 3H s C—7, G8, CG9, CG14 27 21.0

Clo, CIP 018185 5 76, 1] M1CaT1Y 0 1o, P82 o
C 19, G2, C 21, @6:@0 30 20. 00B138H, 8H, s C I%G-1C028,C%, 2440C 29
GcA 1' |104.9 4. 89 H d_7.8 Ho C-3 2" 79 114 338 AcAC1 C3
Gal G 1" 263" 86.1 217'20 G cA G 20.99G3H: s Ara C- 1.(.3-.7: 48, @0, 62442 G c/
%3.’6 g% 1H, d| 218 G éAJZ:%/? S's: 13,6 4. 4Ll B TACH10

28 62.9 3.50, 1H, d, 11.0 Hz, | C-16, C-17, C-18, C-22

3.76, 1H, d, 11.0 Hz,

29 29.2 1.09, 3H, s C-19, C-20, C-21, C-30

30 20.0 1.32,3H, s C-19, C-20, C-21, C-29

GIcA

7' 104.9 4.89,1H,d,7.8Hz | C-3

2' 79.1 4.38 GlcA C-1', C-3', Gal C-1"

3 86.1 4.20 GlcA C-2', C-4', Ara C-1™

4 71.5 4.42 GlcA C-3', C-5', C-6'

5' 78.0 452 GlcA C-4', C-6'

6' 171.9 _ _

Gal

1" 104.6 5.32,1H,d, 7.7 Hz | GIcA C-2'

2" 73.6 4.42 Gal C-1", C-3"

3" 74.9 410 Gal C-2"

4" 69.5 4.56 Gal C-2", C-3"

5" 76.4 3.94 Gal C-4", C-6"

6" 61.6 4.43, 452 Gal C-4", C-5"

Ara-f

1" 110.6 6.03. 1H, br s GlcA C-3', Ara C-2", C-4"

2" 83.4 4.94 Ara C-3™

3" 78.3 478 Ara C-2™

4 85.2 4.82 Ara C-5™

5 62.2 412, 4.28 Ara C-3™

21-0-Ang

qm 167.7 - —
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3" 74.9 4.10 Gal G 2" 4" 69.5 4.56 Gal G 2", C3" 5" 76.4 3.94 &l
C4", G6" 6" 61.6 4.43, 4.52 Gal CG4", CG5" Ara-f 1.11 110.6 6.03.
1H br sGcAC3, Ara CG2"', G4 2" 83.4 4.94 Ara CG3"" 3"' 78.3
4.78 Ara CG2"" 4"' 85.2 4.82 Ara CG5"" 5"' 62.2 4.12, 4.28 Ara
C3"" 21 -0-Ang 1"" 167.7 41 2"" 129.6 3"" 137.2 5.96, 1H, dq,
7.0/1.5 Ang C-1"", C 4", CG5"" Hz 4"" 15.5 2.10, 3H, d g, q,
7.0/ 1. 5 rApg €2 Hz 54208200 —3H—$-Ang— G- G 28
C3"" 22-0-Ang 1f §7 9 - - 2"" 129.8 3"" 136.3 5.78, 1H d q,
7.0/ 1.5Ang CTI7| 18474 -5 HZ 5188 ilff éq,17@)3| 5\'73{zngq§1—v‘!'"7 Gli®. 5_4ng
C-2"", &3"" Hz B"" '20.5 1.74, 3H Ang G 1" C-3™ a The
dat a vve e assi gned based on HI\V@Z and HVBC correl atlons
4™ 15.5 2.10, 3H, dq, 7.0/1.5 | Ang C-2', C-3""
Hz
5t 20.8 2.00,3H, s Ang C-1", C-2", C-3""
22-0-Ang
1" 167.9 - -
2™ 129.8 - -
3" 136.3 5.78, 1H, dq, 7.0/1.5 | Ang C-1", C-4™, C-5™
Hz
4™ 15.5 1.93, 3H, dq, 7.0/1.5 | Ang C-2"™, C-3™
Hz
5™ 20.5 1.74, 3H, s Ang C-1", C-2", C-3™

? The data were assigned based on HMQC and HMBC correlations.

The mass spectrum of compound Y as determined by MALDI-TOF and ESI-MS, i.e.,
see Figure 21, 22, indicates that the mass of compound Y is 1140.57 which agree with

5 the theoretical mass of the compound Y.

Conclusion

The active compound Y isolated from extract of Xanthoceras sorbifolia is an oleanene

triterpenoidal saponin with a trisaccharide chain attached at C-3 of the aglycone and
10  two angeloyl groups acylated at C-21 and C-22, The formula of Y is Cs7HgsO23, and the

chemical name of Compound Y is: 3-O-[B-D-galactopyranosyl(1-—-2)]-o-L-

arabinofuranosyl(1—3)-3-D-glucuronopyranosyl-21,22-O-diangeloyl-3p, 15a, 16a, 218,

220, 28-hexahydroxyolean-12-ene.
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The mass spectrum of conpound Y as determ ned by MALDI - TOF and

ESI-MS, i.e., see Figure 21, 22, indicates that the mass of conpound
Y is 1140.57 which agree with 5 the theoretical mass of the conpound
Y. Conclusion The active conpound Y isolated fromextract of

Xant hoceras sorbifolia is an ol eanene triterpenoidal saponin with a
trisaccharide chain attached at C-3 of the aglycone and 10 two

angel oy, aay 2 h | 8.0 I

Co s aperermitan 1Y DRIGhiRhntn or P Engmicdli SR Br°Comidnd Y1 of
3- 0-[(3X£htgmlcamS)$yriaﬁﬂWE((&aét2)] a- L-

ar abi nof ur anosyl (1- >3) - ( 3- D- gl ucur onopyr anosyl - 21, 22- O di angel oyl - 3(3
, 15a, 16a, 21(3, 22a, 28-hexahydroxyol ean-12-ene. 15 42 Experi nent
6: Det egetHdd on of the Chemical Structure of Compound Y1 of

Xant hoceras Sorbifolia Extract Methods 5 The nethod for NVR and MS
analdysi 5hg sretbedfeudMR1ang MEnanalysis Jor wempeuRddY 1 desdimilpedo ithe method
Experi ’%c ; spectrumof the HNMR is presented in

Fi gure .rlﬁﬁ%ﬁg%%@‘%%g%tra of HMX, 10 HMBC and COSY are shown in
Figures 25, 26 and 27, respectively. Table 6.1 sumrari zes the

chem c sq'kgat dat a and t he assi gnnent of functional groups derived
fromt Ha&Hata. Table 6.1. 13C and 1H NVR Data for Conmpound Y1 (in
Pyri di mendgl§pectias bf th@m!&lmms pasenteBin, Fidud24.2TRE 28 NMBEspebtrdbfHMQC,

89.7 3.25, 1 H dd 4
10  'HMBC and COSY are shown in Figures 25, 26 and 27, respectively. Table 6.1

summarizes the chemical shift data and the assignment of functional groups derived
from these data.

Table 6.1. 13C and 1H NMR Data for Compound Y1 {in Pyridine-d5)

Position C H

1 38.6 0.85,1.33

2 26.3 1.86, 2.10

3 89.7 3.25, 1H, dd
4 39.5 -

5 55.5 0.75

6 18.3 1.40, 1.43

7 33.1 1.20, 1.50

8 40.0 -

9 46.7 1.69

10 36.5 -

11 22.5 2.30

12 123.6 5.36, 1H, brs
13 143.5 -

14 41.8 -

15 34.7 1.53, 1.73
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555.50.75 6 18.3 1.40, 1.43 7 33.1 1.20, 1.50 8 40.0 9 46.7
1.69 10 36.5 - 11 22.5 2.30 12 123.6 5.36, 1 H, br s 13 143.5 14
41.8 - 15 34.7 1.53, 1.73 43 16 68.5 4.45 17 48.2 - 18 39.9 3.04
19 47.6 1.30, 3.05 20 36.7 21 85.35.05, 1 H d 22 73.86.17, 1 H,
d 23 27.7 1.29, 3H s 24 16.5 1.16, 3H, s 25 15.5 0.81, 3H s 26
17.1 0.82, 3H s 27 20.6 1.83, 3H s 28 63.7 3.42, 1 H d, 3.60, 1

H d 29 29.9 14 3H s 305459 137,53 s GTA
17 48.2 -
18 39.9 3.04
19 47.6 1.30, 3.05
20 36.7 -
21 85.3 5.05, 1H, d
22 73.8 6.17,1H,d
23 27.7 1.29,3H, s
24 16.5 1.16, 3H, s
25 156.5 0.81,3H, s
26 17.1 0.82,3H, s
27 20.6 1.83,3H, s
28 63.7 3.42, 1H, d, 3.60, 1H, d
29 29.9 1.42,3H, s
30 19.9 1.37,3H, s
GlcA
1 105.0 4.88, 1H,d
2 79.0 4.37
3 86.0 4.20
4 71.6 4.43
5 78.0 4.50
6 171.8 -
Gal
1 104.5 5.31, 1H, d
2 73.5 4.43
3 74.9 4.10
4 69.5 4.57
5 76.3 3.95
6 61.1 4.44, 453
Ara-f
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1 105.0 4.88, 1 H d 2 79.0 4.37 386.04.20 4 71.6 4.43 5 78.0
4.50 6 171.8 Gal 1 104.5 5.31,1Hd 2 73.5 4.43 3 74.9 4.10 4
69.5 4.57 5 76.3 3.95 6 61.1 4.44, 4.53 Ara-f 44 1 110.9 6.04. 1
H br s 283.34.95378.34.78 485.24.82 5 62.0 4.13, 4.31
21-0-Rha 1 105.1 4.92, 1 H d 2 70.54.25 3 74.05.59 4 71.55.70
568.53.89 6 17.6 1.18, 3H d Rh-3-Ang

1 110.9 6.04. 1H, brs
2 83.3 4.95

3 78.3 4.78

4 85.2 4.82

5 62.0 4.13, 4.31
21-0O-Rha

1 105.1 492, 1H,d
2 70.5 4.25

3 74.0 5.59

4 71.5 5.70

5 68.5 3.89

6 17.6 1.18, 3H, d
Rh-3-Ang

1 167.2 -

2 127.9 —

3 138.7 5.92, 1H, q
4 15.7 2.02,3H, d
5 20.6 1.92,3H, s
Rh-4-Ang

1 167.2 -

2 128.0 -

3 137.9 5.87,1H, q
4 15.5 1.96, 3H, d
5 19.8 1.85,3H, s
22-0-Ac

1 171.4 -

2 21.8 2.31,3H, s

Based on these data and analysis, the structure of compound Y1 is assigned and

shown below.
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1 167.2 - 2 127.9 3 138.7 5.92, 1 H q 4 15.7 2.02, 3H d 5 20.6
1.92, 3H s Rh-4-Ang 1 167.2 - 2 128.0 3 137.9 5.87, 1 H q 4 15.5
1.96, 3H d 5 19.8 1.85, 3H s 22-0-Ac 1 171.4 2 21.8 2.31,3H,s
Based on these data and anal ysis, the structure of conpound Y1 is
assigned and shown below. 45 Figure 23. Structure of Y1 Yi O OAC

OH OH

10

15

20

OCOOH~p O=z0HOO HOHOHOCHS HOOpPp OCOOHH ~(\

Figure 23. Structure of Y1

HO
OH

The chemical name of Y1 is: 3-O-[B-D-galactopyranosyl(1—2)]-a-L-
arabinofuranosyl(1— 3)-pB-D-glucuronopyranosyl-21-0-(3,4-diangeloyl}-o-L-
rhamnophyranosyl-22-O-acetyl-33,16a, 21B, 22a, 28-pentahydroxyoclean-12-ene.

Conclusion

Compound Y1 isolated from extract of Xanthoceras sorbifolia is a bisdesmosidic
polyhydroxyoleanene triterpencidal saponin with a trisaccharide chain at C-3 of the
backbone and a monosaccharide moiety at C-21 where two angeloyl groups were

acylated at C-3 and C-4 position. The formula of Y1 is CgsH100027,

Experiment 7: Determination of the Chemical Structure of Compound Y2 of

Xanthoceras Sorbifolia Extract.

Methods
The method for NMR and MS analysis for compound Y2 is similar o the method

described in Experiment 5.
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OH OH 5 The chemi cal nane of Y1 is:

3-0-[(3-Dgal act opyranosyl (1-*2)]-a-L- arabi nofuranosyl (1

->3)-(3-D gl ucuronopyr anosyl - 21- O ( 3, 4- di angel oyl ) - a- L-

r harmophyr anosyl - 22- G- acet yl - 33, 16a, 213, 22a,

28- pent ahydr oxyol ean- 12-ene. 10 Concl usi on Conmpound Y1 isol ated from
extract of Xanthoceras sorbifolia is a bisdesnosidic

pol yhydr oxyol eanene triterpenoidal saponin with a trisaccharide chain
at C3 of the backbone and a nonosaccharide noiety at C 21 where two
angel oyReguilegips were acylated at C3 and C-4 position. The formul a

of Y1 is C65H100027, 15 Experiment 7: Determ nation of the Chem cal
Struct uf® &P ashd ELNMR/epeAtra ofiMERe Cats BbHRi HMQG EMBCrd (NabRgagnd

20 The t £ r 20l [Way
the mothod deeel Phbd | ne i g ¥ ulegioODRNeIT fedrinPhiZes 8t Rime
spedt r 22 NMR KivRical sBiftNiRa aris: asdiB@nantiof{fuadBal gralipsvierived from these
(MALDI ET@E‘Q?F]) of Y2 are showed in Figures 29-34. Table 7.1 summari zes
the 1 and 5 2D NWR chem cal shift data and the assignnent of
functional groups derived fromthese data. Table 7.1: 13C and 1 H

22168 T B o T il 20 ¢ 055, 150 2

Position C H

1 38.4 0.83, 1.36

2 26.4 1.89, 2.25

3 91.3 3.39, TH, m

4 43.4 —

5 56.7 0.87,1H,d, 12.0 Hz
8 18.6 1.31,1.57

7 36.3 1.97,2.12

8 40.7 _

9 46.7 1.63

10 36.6 -

11 23.9 1.69, 1.89

12 125.1 5.48, 1H, br s

13 143.4 -

14 47.5 —

15 67.1 4.18, 1H, d, 4.1 Hz
16 73.2 4.43

17 48.1 -

18 41.4 3.06

19 46.6 1.40, 3.08

20 36.1 -

21 78.3 6.69, 1H, d, 10.2 Hz
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4 43.4 556.7 0.87, 1 H d, 12.0 Hz 6 18.6 1.31, 1.57 7 36.3 1.97,
2.12 8 40.7 - 9 46.7 1.63 10 36.6 - 11 23.9 1.69, 1.89 12 125.1

5.48, 1 H br s 13 143.4 14 47.5 15 67.1 4.18, 1 H d, 4.1 Hz 16
73.2 4.43 17 48.1 - 18 41.4 3.06 19 46.6 1.40, 3.08 20 36.1 21
78.3 6.69, 1 H d, 10.2 Hz 47 22 73.1 6.30, 1 H d, 10.2 Hz 23 22.0

1.29, 3H, s 24 62.9 3.28,1 H, d, 11.2 Hz; 4.32 25 15.6 0.64, 3H, s
20 1T 1094, 31 pp T Tt B SN e o572 feach. 1

23 22.0 1.29, 3H, s

24 62.9 3.28,1H, d, 11.2 Hz; 4.32

25 15.6 0.64, 3H, s

26 17.1 0.94,3H, s

27 20.8 1.84,3H, s

28 63.1 3.48, 3.72 (each, 1H, d, 10.6
Hz)

29 29.3 1.09, 3H, s

30 20.0 1.32, 3H, s

3-0-GlcA

1 104.5 4.87,1H,d, 7.2 Hz

2 78.6 4,31

3 86.5 4,23

4 71.6 4.45

5 77.4 4.53

6 171.9

Gle

1 103.7 5.48, 1H,d, 7.8 Hz

2 75.3 4.02

3 78.0 4.31

4 69.3 4.52

5 78.2 3.62

6 61.5 4.33, 4.50

Ara

1 110.1 6.05, 1H, br s

2 83.5 4.97

3 77.8 4.74

4 85.0 4.84

5 62.2 4.18, 4.33
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30 20.0 1.32, 3H, s 3-0- A1l 104.5 4.87, 1 H d, 7.2 Hz 2 78.6
4.31 3 86.5 4.23 4 71.6 5 577.4 453 6 171.9 dc 1 103.7
5.48, 1 H d, 7.8 Hz 2 7 4.02 3 78.0 4.31 4 69.3 4.52 5 78.2
3.62 6 61.5 4.33, 4.50 Ara 1 110.1 6.05, 1 H br s 2 83.5 4.97 3
77.8 4.74 4 85.0 4.84 5 62.2 4.18, 4.33 48 21-C-ang 1 167.5 - 2
128.7 3 137.2 5.95, 1 H dd, 14.4/7.2 Hz 4 16.7 2.08, 3H, d, 7.2 Hz

5 20.6 2.00, 3H, g3

Gc
4.4
53

21-0-ang

1 167.5 -

2 128.7 -

3 137.2 5.95, 1H, dd, 14.4/7.2 Hz
4 16.7 2.08,3H,d,7.2Hz

5 20.6 2.00,3H, s

22-0O-ang

1 167.9 -

2 128.9 -

3 136.3 5.76, 1H, dd, 14.4/7.2 Hz
4 15.6 1.95,3H,dd, 7.2 Hz

5 20.4 1.74,3H, s

? The data were assigned based on COSY, HMQC and HMBC correlations.

Conclusion

Based on these data and analysis, the compound Y2 isolated from extract of
o  Xanthoceras sorbifolia is an oleanene triterpencidal saponin with a trisaccharide chain

attached at C-3 of the aglycone and two angeloyl groups acylated at C-21 and C-22.

The chemical structure of Y2 is shown below. See also Figure 28.

L ~0
o »:__x
i) ———(

0 Q .
: : / ] Q
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OH OH
HO
OH OH
HO 0
O
OH
OH
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22-0-ang 1 167.9 - 2 128.9 3 136.3 5.76, 1 H, dd, 14.4/7.2 Hz 4
15.6 1.95, 3H, dd, 7.2 Hz 5 20.4 1.74, 3H, s a The data were assi gned
based on COSY, HMQC and HVBC correl ations. Concl usion Based on these
data and anal ysis, the conpound Y2 isolated fromextract of 5

Xant hoceras sorbifolia is an ol eanene triterpenoidal saponin with a
trisaccharide chain attached at G 3 of the aglycone and two angel oyl
groups acylated at CG21 and C22. The chem cal structure of Y2 is
shown bel ow. See also Figure 28. 0- Y2 O OHO '"OH COOHOL - OH O

O O OHTHeGokhlIgHf &2 8@ QHdO,,,Fhd Bd Pdmical name of Compound Y2 is: 3-O-[B-D-
glucopyranosyl-(1-—-2)]-a-L-arabinofuranosyl{1—3)-B-D-glucuroncpyranosyl-21,22-0O-
diangeloyl-3B, 15a, 16a, 21, 22a, 24, 28-heptahydroxyolean-12-ene.

Experiment 7B. Chemical structure analysis of Y4

Results of Y4 analysis
The profile of the proton NMR of Y4 is presented in Figure 58. The profiles of 2D NMR
10 (HMQC) of Y4 is presented in Figure 59.

Experiment 8. Purification of the Inhibition Components Y8-Y10 in the

Xanthoceras Sorbifolia Extract

15 (A) Fractionation of Xanthoceras Sorbifolia extracts components with FPLC
Methods
The methods for this experiment are similar to the methods decribed in Experiment 4
Section (A) and (B).

20 Results
The elution profile shows 4-5 broad fractions. See Figure 9. These fractions were
analyzed with HPLC. FPLC fractions 63, 64 and 65 are further separated on 45%
isocratic analysis, 4-5 major components were separated (Figure 12). These fractions
were assigned designations Y8, Y9 and Y10. These fractions were collected. Re-
25 chromatography of the compound Y8, Y9 and Y10 showed a single peak in HPLC with

a C18 reverse phase column. See Figure 13.

(B) Inhibition analysis with MTT assay.

Inhibition analysis of purified compounds was determined with the MTT assay. Results
30 indicate that compound Y8, Y9 and Y10 has activity against ovarian cancer cells

(OCAR-3) with 1C50 values of 3, 4 and 1.5 ug/ml, respectively. See Figure 4.
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49 The fornula of Y2 is C57H88024, and the chem cal nane of Conpound
Y2 is: 3-0-[(3-D

gl ucopyranosyl - (1->2)] - a- L- ar abi nof ur anosyl (1- *3) - ( 3- D- gl ucur onopyr an
osyl - 21, 22-0- diangel oyl -3(3, 15a, 16a, 21(3, 22a, 24(3,

28- hept ahydr oxyol ean- 12-ene. 5 Experinent 7B. Chemical structure
analysis of Y4 Results of Y4 analysis The profile of the proton NWR
of Y4 is presented in Figure 58. The profiles of 2D NVR 10 (HMX) of
Y4 is presented in Figure 59. Experinent 8. Purification of the

| nhi bi t EgPerABRONE N BetéBmid&tidn dfhthe XHEMREGESPuSRF®! SO ConFolAdRO¥8 of

15 (A) Fractionation of Xanthoceras Sorbifolia extracts conponents

wi t h FPREanthpserasiSonkitoliEraet for this experinment are sinmilar to the
nmet hods decribed in Experinent 4 Section (A) and (B). 20 Results The
elution profile shows 4-5 broad fractions. See Figure 9. These

frad& i oMstheetse anal yzed with HPLC. FPLC fractions 63, 64 and 65 are

further_separ.at 0 % i ratic .anal ysis, 4- j or, conmponents
wer o SoF SER0F reg ARy 3pd MR iAve 00t KRntionsr o ok grdar 1O e methoo
desi gnajdsenbed'th EXFeranéntBl0. These fractions were collected. Re 25

chr omat ogr aphy of the conpound Y8, Y9 and Y10 showed a single peak in
HPLC with a C18 reverse phase colum. See Figure 13. (B) Inhibition
anal ysi gsdith MIT assay. |nhibition analysis of purified conpounds

was determned with the MIT assay. Results 30 indicate that conpound
Y8,10Y9 Bhwdspedddrah psofthes ol they HalglliRn 31 BNMR 20 HMR @iMEET) of cdr@ARMBY 8 are

with I1C50 values-of 3,.4.and 1.5 ug/m, respectively. See Figure 4.
50 Expe?rleﬁ%ﬁ?&@. F'Igéjfeesr%'ﬁgti on of the Chemi cal Structure of Conpound

Y8 of Based on these data and analysis, the compound Y8 isolated from extract of
Xanthoceras sorbifolia is an oleanene triterpencidal saponin with a trisaccharide chain
attached at C-3 of the aglycone and two angeloyl groups acylated at C-21 and C-22.

15

The formula of compound Y8 is Cs7HgsO23, and the chemical name of Y8 is:  3-O-[f-
glucopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-#glucuronopyranosyl-21, 22-O-
diangeloyl-34, 16q, 214, 22«a, 245, 28-hexahydroxyolean-12-ene.

20  The chemical structure of compound Y8 is presented in the following figure. See also
Figure 35.
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Xant hoceras Sorbifolia Extract 5 Methods The nethod for NVR and MS
anal ysis for conpound Y8 is simlar to the nethod described in
Experinent 5. Results 10 The spectral profiles of the H NVR, Cl3-NWR
2D NVR (HMX) of compound Y8 are presented in Figures 36-38. Based
on these data and anal ysis, the conpound Y8 isolated fromextract of
Xant hoceras sorbifolia is an ol eanene triterpenoidal saponin wth a
trisaccharide chain attached at C-3 of the aglycone and two angel oyl
groups acylated at C-21 and C-22. 15 The fornula of conmpound Y8 is

C57H33@perimichtt 6. cbemrﬁﬂhaﬂﬂ@ﬁr&)fo{heY&Heimcar %tfdc?turéﬂdﬂc@&ﬁp%nu@@ng of
(1->2) ! - a- ar abi nof uranosy!l (1->3)-/3-gl ucuronopyranosyl -

di ange bogeyas fngbifolia Extraph, 24/ 3, 28- hexahydr oxyol ean 12 ene 20
The chem cal structure of conpound Y8 is presented in the foll ow ng
figure. See also Figure 35. OC 0O Y-8 OHp SOH COON 10O HO OHO

OO #lLo Matho@l HO O OH OH OH

The method for NMR and MS analysis for compound Y9 is similar to the method

described in Experiment 5.

Results
10  The spectral profiles of the H-NMR, 2D NMR, i.e., HMQC and HMBC, of Y9 are shown
in Figures 40-42.

Based on these data and analysis, compound Y9 isolated from extract of Xanthoceras
sorbifolia is a bisdesmosidic polyhydroxyoleanene friterpenoidal sapecnin with a

15  trisaccharide chain at C-3 of the backbone and a monosaccharide moiety at C-21 where
two angeloyl groups were acylated at C-3 and C-4 position.

The formula of compound Y9 is Cg3HosO2s, and the chemical name of Y9 is:  3-O-f-
galactopyranosyl (1—-2)}-a-arabinofuranosyl (1—3)-g-glucuronopyranosyl-21-0-(3,4-

20 diangeloyl)-a-rhamnopyranosyl-34, 16«, 215, 22, 28-pentahydroxyolean-12-ene.

The chemical structure of Compound Y9 is presented in the following figure. See also

Figure 39.
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51 Experinment 10. Determ nation of the Chem cal Structure of Conpound
Y9 of Xanthoceras Sorbifolia Extract 5 Methods The nethod for NWR
and M5 analysis for conpound Y9 is simlar to the nethod described
in Experinent 5. Results 10 The spectral profiles of the HNWR 2D
NVR, i.e., HMQC and HVBC, of Y9 are shown in Figures 40-42. Based on
t hese data and anal ysis, compound Y9 isolated fromextract of

Xant hoceras sorbifolia is a bisdesnosidic pol yhydroxyol eanene
triterpenoidal saponin with a 15 trisactharide chain at C-3 of the
backbone and a nonosacchari de noi ety at I—wrerC two angel oyl
groups were gcglated at G 3 and G 4 n, The formula of conpound
Y9 is C63H98026, and the cheni cal 9 9%: 3L 0-[5-

gal act opyranosyl (1->2)]-a-arab OH

(1-*3)-/1-gl ucuronopyr anosyl

di angel oyl ) - a- r hannopys@ng 6a, 24/3, 22a,

28- pent ahy | eanild ene. /The chen’i\c@KSCs‘tor e of Conpound Y9 is
present ed Nt th | owi ;ig figure. See alsq, e 39. 52 0 Y-9
" SOH OH'O™SOH Q,, 008 C 000 //1OH Q8L HY~/ OH OH GO OH

H W

f
o] O
OH 0
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OH

Experiment 11. Determination of the Chemical Structure of Compound Y10 of
Xanthoceras Sorbifolia Extract

5
Methods
The method for NMR and MS analysis for compound Y10 is similar to the method
described in Experiment 5.

10 Results

The profile of the H-NMR, C13-NMR and 2D NMR (HMQC) are shown in Figures 44-46.

Based on these data and analysis, compound Y10 isolated from extract of Xanthoceras
sorbifolia is an oleanene triterpencidal saponin with a trisaccharide chain attached at C-
15 3 of the aglycone and two angeloyl groups acylated at C-21 and C-22.

The formula of compound Y10 is Cs7Hg;O22, and the chemical name of Y10 is: 3-O-[5-
galactopyranosyl (1->2)]-a-arabinofuranosyl (1-3)-8-glucuronopyranosyl-21, 22-O-
diangeloyl-34, 16«, 215, 22a, 28-pentahydroxyolean-12-ene.

20
The chemical structure of Compound Y10 is presented in the following figure. See afso
Figure 43.
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~|\ HOHO OOH Experinment 11. Determ nation of the Chemi cal
Structure of Conmpound Y10 of Xanthoceras Sorbifolia Extract 5
Met hods The nethod for NVR and MS anal ysis for conmpound Y10 is
simlar to the method described in Experinment 5. 10 Results The
profile of the HHNVR, C13-NVR and 2D NVR (HMQC) are shown in Figures
44-46. Based on these data and anal ysis, conpound Y10 isolated from
extract of Xanthoceras sorbifolia is an ol eanepe triterpenoidal
saponin with a trisaccharide chain attaghed at 3 of the aglycone
and two angel oyl groups acyl ated at C 21*ane®C22. " The formul a of
conmpound Y10 is C57H87022, and the che narfe Y10 is: 3-0-[fl
gal act opyr an¥sl (1->2)]- a- ar abi : g’
(1-*3)-)g-glucuronopyranosyl - 21 oy -3/3, 16a, 21/3,
22a, 28-pentahydroxyol ean- 12<exk ‘The“chgm cal structure of
Compound Y10 is presented i owi ng figure. See also Figure

: OICOH OH\\y OH

OH
HO OH

Experiment 12. Purification of Component R from Xanthoceras Sorbifolia Extract

5 (A) Purification of Xanthoceras Sorbifolia extracts components with FPLC and
HPLC

Methods
The methods used are similar to the methods described in Experiment 4, section (A)
10 and (B) except a 30% acetonitrile isocratic elution was used in HPLC for isolation of the

Compound R.

Results

Fraction No. 39-41 from gradient elution of FPLC were pooled and further purified with
15 an open ODS-C18 column with isocratic 30% acetonitrile elution. Six identifiable

fractions in two groups were collected. Fractions 6-13 were further characterized with

HPLC.

These fractions were further separated into 4-5 components with the 30% acetonitrile
20 isocratic elution in a DeltaPak column. The fraction designated herein as “R1”, is the
major component. See Figure 60A. The pure R1 was subsequently collected from the

column elution. See Figure 60B.
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HQJ~ OH H HOO OH O CH OH Experinent 12. Purification of
Conponent R from Xant hoceras Sorbifolia Extract 5 (A) Purification
of Xant hoceras Sorbifolia extracts conponents with FPLC and HPLC

Met hods The nethods used are simlar to the nmethods described in
Experiment 4, section (A) 10 and (B) except a 30% acetonitrile
isocratic elution was used in HPLC for isolation of the Conpound R
Results Fraction No. 39-41 fromgradient elution of FPLC were pool ed
and further purified with 15 an open ODS-Cl18 colum with isocratic

30% aceﬁmmﬁgedrgneé Hhd@odlulSility | dentifiable fractions in two groups
were coll ected. Fractions 6- 13 were further characterized with HPLC

These fIRREPHIENRT \ABPEar RS RBrArBYPAPHS ¥iite oy der sseldblgdn &sueous alsohpk i-e.,
30% acef,8fNahbl J)reethérq%l' §@%@ée‘t&m%!é:’£ﬁ?20?dﬁ e@nlaﬁ{et aPak col um. The

fraction designated herelin as maj Or component. See
Fi gore 60A. The pure Rl was subsequently collected fromthe colum

elutio Lgure 6 5 B ear anc d solubility The pure Rl
appear sqcz;?%gﬁf'gﬁ’étg)ﬁo%?%cﬂ}eé"{?8@%&’?{%8Icﬁtg%ne i n agueous al cohol,
i.e., nethanol or ethanol, 50% acetonitrile and 100% pyridine. 5 (C
Det er m!ﬂgtthiocaﬁs of the chem cal structure of Rl

The NMR and MS Analysis of R1 is similar to the method described in Experiment 5.
10
Results
The NMR spectra of pure R1 is presented in Figures 48-52. Based on chemical shift
analysis, compound R1 isolated from exiract of Xanthoceras sorbifolia is a triterpenoid

saponins with five sugars and one angeloyl group attached to the sugar moiety. The
15  chemical structure of R1 is shown in following figure. See also Figure 47.

Ry
HO o
0
OH o
Q.
oH 1 \_{'
OH
oH L, Ko
OH
0
OH 6
CHs
OH CH

The formula of Compound R1 is CgsHi06029, and the chemical name of R1 is: 3-O-
[angeloyl-(1—3)-B-D-glucopyranosyl-{1—6)]-3-D-glucopyranosyl-28-O-[a-L-
20  rhamnopyranosyl-(1—2)-B-D-glucopyranosyl-(1—6)-3-D-glucopyranosyl-3p, 213, 22a,

28-tetrahydroxyolean-12-ene.
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Met hods The NVR and Ms Analysis of RLis simlar to the nethod
described in Experinent 5. 10 Results The NWR spectra of pure Rl is
presented in Figures 48-52. Based on chemi cal shift analysis,
conpound RI isolated fromextract of Xanthoceras sorbifolia is a
triterpenoid saponins with five sugars and one angel oyl group
attached to the sugar nDiety The 15 chem cal structure of RL is

shown | fo.IIo r al so Fi 47 OH CH2

of - ( Exeelmet ™ Byriidafand Compenerr oty Xentocstas Serpitpliarpgiract
for rrul a of Compound Rl is C65H105029, and the chem cal name of Rl is:
3- 0- o . :

[ angel &) Fractionation of Xanthpsarancignbifeliaextracts qorgperesraitBHFLGand
- [ a- L-

r harmogﬁﬁ'acnosyl -(1->2)-(3-D gl ucopyranosyl - (1-*6) - (3- D- gl ucopyr anosyl
-3(8, 21(3, 22a, 28-tetrahyd roxyo | ean-12-ene. 55 Experinment 13:

Purifi ﬁ’ﬂé 'bog of Conponent-O from Xant hoceras Sorbifolia extract (A
Fracti aE PBR of Xanthoceras Sorbifolia extracts conponents with FPLC

and The methods used are are similar to the methods described in Experiment 4, section (A)
and (B) except a 20% acetonifrile isocratic elution was used in HPLC for isolation of the
Compound O.

10
Results
Fractions obtained from FPLC were analyzed with HPLC. By comparison with the
profiles of the original sample, a specific component, in this case fraction O, was
identified (#28-30). Fraction O was collected for further purification. Sixteen identifiable
15 HPLC fractions were observed in the elution profiles. See Figure 61. Fractions 28, 34
and 54 were further purified. See Figures 62-63. These purified components are named

as compound 028, 034 and 054, respectively.

(B) Appearance and solubility

20
The purified compound 023 and 034 are light yellow amorphous powder, soluble in
aqueous alcohol, i.e., methanol, ethanol, 50% acetonitrile and 100% pyridine. The
purified compound 054 is a white amorphous powder, soluble in aqueous alcohol, i.e.,
methanol, ethanol, 50% acetonitrile and 100% pyridine.
25
(C ) Structure analysis of Compound 054
Methods
The NMR and MS analysis of O54 is similar to the method described in Experiment 5.
30
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HPLC 5 Methods The nethods used are are simlar to the nethods
described in Experinment 4, section (A) and (B) except a 20%
acetonitrile isocratic elution was used in HPLC for isolation of the
Compound 0. 10 Results Fractions obtained from FPLC were anal yzed
with HPLC. By conparison with the profiles of the original sanple, a
specific conmponent, in this case fraction 0O, was identified

(#28-3 é Fraction O was collected for further purification. Sixteen

i dent i fR&HHIE® 15 HPLC fractions were observed in the el ution profiles.
See Fi grHe NMAR $pdild 8NSofBousd 084ds %e%@ﬁt@dleergﬁfespBﬂlgﬂ GhsedCn the
Fi gures 62-63. These purified conponents are naned as conpound 028,
034 andcf@Bncairséw’b@@@IwgJ gomp@yndag ngémgé frpi extondi oif Pﬁmywocgmsrwblfoha is

purifi ed,coonoynd; 02 Yl@ﬂlﬂ )B%ﬂea?{eﬁfet %Pé]er}'o(?({iél%&cﬁ:%ré%ﬂgé&?%ﬁénde chain

sol ubl e rn agueous

acetsoni [pro-blecepyahOORe Pye)B-neucbpgrarpeide] i @’ﬂx@ﬂﬁboﬂ)ﬂ@ Qr@ a Strisaddhiztigle
am)rphous powder, soluble in a%ueous al cohol, i.e anol ,

et h?noIC haispla- reRarBReRYraNes YirhtH 20 @R-slHcrayisaosdE 16 )5- @twmnyr@osyl ester]
i | ar e TR o MBI R br e e 55 AT e dly g tolihing

NMVR spdigura e gloopigurd 5354 i s presented in Figures 54- 56. Based on
t he

Mol Wi 1269.4192
C, 5677, H,7.04; 0, 3529

{054 B o o1 ]

HO Gle*
O_
H
Gle'
OH on -
OH
O

HO Rha

CHa

10 OH OH

The formula of compound 054 is CgoH10002s, and the chemical name of 054 is:  3-O-
-D-glucopyranosyl-(1—6)]-3-D-glucopyranosyi-28-O-[a-L-rhamnopyranosyl-(1->2)-p-D-
glucopyranosyl-(1—86)-3-D-glucopyranosyl-3, 218, 22a, 28-tetrahydroxyolean-12-ene.
15
Although the present invention has been described in detail with particular reference to
preferred embodiments thereof, it should be understood that the invention is capable of
other different embodiments, and its details are capable of modifications in various
obvious aspects. As is readily apparent to those skilled in the art, variations and
20 modifications can be affected while remaining within the spirit and scope of the

invention. Accordingly, the foregoing disclosure, description, and figures are for
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chem cal shift analysis, conpound 054 isolated fromextract of

Xant hoceras sorbifolia is a bisdesnosidic pol yhydroxyol eanene
triterpenoidal glycoside wth a disaccharide chain 5

[ 5- D- gl ucopyranosyl - (1-*6) -, 8- D- gl ucopyr anosi de] affixed to CG3 and a
trisaccharide chain

[ a- L- r hammopyr anosyl - (1- >2) -, 8- D- gl ucopyr anosyl - ( 1- >6) /3 D- gl ucopyra

nosyl ter] attached to e chem cal struct
oS! 5 Babyn SUREDERY! 2o Boboiah S LBt HEbHGT e SRR ony
, 15 C by 88imH2, & 0, MA. W 1269i 19 OH 56.77; H 1,94; 0, 3529 CH
HOoir ~HZ OHcir O OHOHOHHOcmcir O—lO—lO—lHOO—lZOH OH w
O HOcO CHg 10 OH OH The formnula of conmpound 054 is C60H100028, and
t he chF@ of 054 is: 3-0-
(3- D gl ucopyranosyl - (1->6)]-[ 3- D gl ucopyr anosyl - 28- 0- [ a- L- r hamrmopyr an
osy? - (1- >Xyar(Beizel glycDp@raffo¥y.G. ( Ga=z8pr,[ 8-D; gWincepyrneasdl MatcBell, J.B.:
21(3, 22a,BaBudtenrahy teteerpiilimaraskd- ssmiautomated colorimetric assay: assessment
of chemosensitivity testing. Cancer Res. 47:936-942 (1987).
2. Chen, Q. 1995. Methods of study on pharmacology of Chinese medicines. Press
of People's Public Health, Beijing. p892.

10 3. Huang, Zh. Sh., Liu, M. P., Chen, Ch. Zh. 1997. Study on effects of Yangshou
Dan on improving learning and retention. Chinese Journal of combination of
Chinese and west medicine, 9(17): 553.

4. Zhang, Y., Zhang, H. Y., Li, W. P. 1995, Study on effects of Anjifu on improving
intelligence, Chinese Bulletin of Pharmacology,11(3): 233.

16 6. Yang, J.,, Wang, J., Feng, P. A. 2000. Study on effects of Naokkangtai capsule on
improving learning and retention in mice, New Chinese Medicine and Clinical
Pharmacology, 1(11): 29.

6. Yang, J., Wang, J., Zhang, J. Ch. 2000. Study on effects of Crude saponins of
peonies on improving learning and retention in mice, Chinese journal of

20 Pharmacology, 2(16): 46.

7. Xia, W. J,, Jin, M. W., Zhang, L. 2000. Study on treatment of senile dementia
caused by angio-aging with Didang tang, Pharmacology and Clinical of Chinese
Medicines, 16 (4).

8. Bian, H. M., Yu, J. Z., Gong, J. N. 2000. Study on effects of Tongmai Yizhi

25 capsule on improving learning and retention in mice, Pharmacology and Clinical of
Chinese Medicines, 16 (5): 40.

9. Wei, X. L, Zhang, Y. X. 2000. Study of animal model for studying senile dementia,
Chinese journal of Pharmacology, 8(16): 372.

10. Bureau of Medicinal Police, Department of Public Health. Guide line for study of

30 effect of medicines for treatment of nervous system diseases, in Guidebook of
study of new medicine. p45.

11. Zhang, D. Sh., Zhang, J. T. 2000. Effects of crude Ginseng saponins on improving
impairment induced by B- peptide, Chinese journal of Pharmacology, 8(16): 22.

35
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15 Although the present invention has been described in detail with
particular reference to preferred enbodi nents thereof, it should be
understood that the invention is capable of other different
enbodi ments, and its details are capable of nodifications in various
obvi ous aspects. As is readily apparent to those skilled in the art,
variations and 20 nodifications can be affected while renaining
within the spirit and scope of the invention. Accordingly, the
foregoi ng di scl osure, description, and figures are for 57
iIIustrﬂﬂﬁb@tﬁmﬁﬁﬁﬁéionly, and do not in any way linit the invention
which is defined only by the clainms. REFERENCES 5 1. Carm chael,
J., DeGtafAn isalaBed cGapdand oAfdkmulafina, J.D. and Mtchell, J.B.:
Eval uation of a tetrazolium based sem automated col orinetric assay:
assessnent of chenosensitivity testing. Cancer Res. 47:936-942
(1987). 2. Chen, Q 1995. Methods of study on pMargracol ogy of Chinese
medi ci nes. Press of People's Public Health, Beijt 9.0$892. 10 3.
Huang, Zh. Sh., Liu, M P., Chen, Ch. Zh. 1997. dy on effects of
Yangshou Dan on inproving |earning and re ron . Chi-pese Journal of
conmbi nati on of Chinese and west nedici ¥o3NR:4. Zhang, Y.
Zhang, H Y., Li, W P. 1995. Study cts~of ~Anj i fu on inproving
gy,§1(§§: 233. 15 5.
S on éffects of Naokkangt ai
tehtion in mce, New Chi nese

Yang, J., Wang, . .
capsul e on inmpfthg LE&ar\j rea
Medi ci ne andy 1(11): 29. 6. Yang, J., Wang,
J., Zhang, J. ef fects of Crude saponi ns of
peonies on inproving |learning &M retention in mce, Chi ngse j our nal
of 20 Pharrmcaogé?glsre%}m'eél@. 7. Xia, W J., Jin, M W, Zhang, L.
2000. Study on tréatnent of sénile denentia

wherein:

=

R4, Rz represents angeloyl group or sugar moiety with diangeloyl groups;
Rs represents OH or H;
R4 represents CH3 or CH,OH; and
Rs represents D-glucose or D-Galactose.
R6 represents H or Ac
2. The compound of claim 1, wherein R3 is H.
3. The compound of claim 1, wherein R3 is OH.
4. The compound of claim 1, wherein R4 is CH3.
5. The compound of claim 1, wherein R4 is CHZ0OH.

6. The compound of claim 1, wherein R5 is D-glucose.

7. The compound of claim 1, wherein R5 is D-Galactose.
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caused by angi o-aging with D dang tang, Pharnmacol ogy and Cinical of
Chi nese Medicines, 16 (4). 8. Bian, H M, Yu, J. Z, CGong, J. N
2000. Study on effects of Tongmai Yizhi 25 capsule on inproving

| earning and retention in mce, Pharmacol ogy and dinical of Chinese
Medi ci nes, 16 (5): 40. 9. Wi, X L., Zhang, Y. X 2000. Study of

ani mal nodel for studying senile denentia, Chinese journal of

Phar macol ogy, 8(16): 372. 10. Bureau of Medicinal Police, Departnent
of Public Health. Guide line for study of 30 effect of nedicines for
treatment of nervous system diseases, in Quidebook of study of new
medi ci ne. p45. 11. Zhang, D. Sh., Zhang, J. T. 2000. Effects of crude
G nsend. Sapsoiates compayndeelenied frowad compound difoedulay(4B- pepti de,

Chi nese journal of Pharmacol ogy, 8(16): 22. 35 58 What is clained is:
1. An isolated conmpound of formula (1): ORS ...OR2 OR6 OH COON O
OR3 OHORg HOHO HO OR5 (1) or a salt, or ester thereof, wherein:
R1, R2 represents angel oyl group or sugar noiety w th diangel oyl
groups; R3 represents OH or H -

-
B

, a salt, or ester thereof,

wherein:

R6 represents sugar moiety with diangeloyl groups in trans-position

R3 represents Ac or H;

R4 represents H or OH; and

R5 represents sugar moiety or sugar chain, wherein at least one sugar is
selected from the group consisting of: D-glucose, D-galactose, L-rhamnose, L-

arabinose, D-xylose, alduronic acid, D-glucuronic acid and D-galacturonic acid.

9. A composition consisting essentially of an amount of the compound of claims 1

effective for inhibiting ovarian cancer cell growth.

10. The composition for inhibiting ovarian cancer cell growth, consisting essentially of
an amount of the compound of claims 1 further comprising a pharmaceutically

suitable carrier.
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R4 represents CH3 or CH2OH, and R5 represents D gl ucose or

D- Gal actose. R6 represents H or Ac 2. The conmpound of claim 1,
wherein R3 is H 3. The conpound of claim1, wherein R3is OH 4.
The conpound of claiml1, wherein R4 is CH3. 5. The conpound of claim
1, wherein R4 is CH2OH. 6. The conpound of claim1l, wherein R5 is
D-glucose. 7. The conpound of claim1, wherein R5 is D Gal actose. 59
8. An isolated conpound selected froma conpound of fornula (4): OR6
-1110R3 OH OH RS0 Ra (4) a salt, or ester thereof, wherein: R6
represetit s duganposiiat gongistingd essaydibthy lof @noar}msu'nhof trensemosutd of claiRd 9
represents A otr. I-l, R%.r.e resents H or ; an R5 represents sugar
noi ety or s 5‘3? NS EWEQ%YEH'%CEI@%W HoWRgar is selected from
the group consisting of: D glucose, D gal actose, L-rhamose, L-

ar abi noge, @hé%bﬁﬁ%ﬁlt@h%‘f |9Hibﬁ|r@%\%ﬂa|;?'c%hb'§tuéé?%r%wﬁ?'c%n%f%gng essentially of
D-gal acturonic acid. 9. onposition consisting essentially of

amount of t 6@ @@ﬁp@hﬁﬁ tlaﬁ cc‘zm@pn@dlof qidifre &t fuvtber @ﬂmpnalnbnamgrmmutnaally
cancer cell Sg&%raa Q. The conposition for inhibiting ovarian cancer
cell growth, “consi gl ng essentially of

13. A composition consisting essentially of an amount of the compound of claim 1
effective for inhibiting bladder, bone, leukocyte, liver, prostate, breast or brain

cancer cells growth.
14. A composition consisting essentially of an amount of the compound of claim 9

effective for inhibiting bladder, bone, leukocyte, liver, prostate, breast or brain

cancer cells growth.
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an anount of the conmpound of clains 1 further conprising a
pharmaceutically suitable carrier. 60 11. A conposition consisting
essentially of an anmobunt of the conmpound of claim9 effective for

i nhibiting ovarian cancer cell growth. 12. The conposition for

i nhi biting ovarian cancer cell growth, consisting essentially of an
amount of the conmpound of claim9 further conprising a
pharmaceutically suitable carrier. 13. A conposition consisting
essentially of an anount of the conpound of claiml effective for

i nhi biting bl adder, bone, |eukocyte, liver, prostate, breast or brain
cancer cells growth. 14. A conposition consisting essentially of an
anount of the conpound of claim9 effective for inhibiting bladder,
bone, |eukocyte, liver, prostate, breast or brain cancer cells
growm h. 61



